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ABSTRACT 
      The problem of economic load dispatch plays an important role in the operation and planning 
of power system, several models and different techniques have been used to solve this problem. 
Several traditional approaches, like lambda-iteration and gradient method are utilized to find out 
the optimal solution of non-linear problem of economical dispatch. More recently, the soft 
computing techniques have received more attention and were used in a number of successful and 
practical applications such as economic dispatch.  
The main objectives of  this thesis is to find solution for economic load dispatch problem so that 
the total fuel cost is minimized while satisfying the power generation limits. And show the effect 
of system losses in the optimization process. 
    In this work Lambda Iteration method is used to solve Economic dispatch problem using load 
flow analysis results. 
    Many factors affecting ED problem solution was discussed, as example system operations must 
respect , voltage, thermal and stability limits. Also variety of physical, environmental and 
regulatory considerations affect how recourses can be used.  
       In this work, the above technique has been applied to the IEEE 26 bus system data as case 
study to present the objectives of this thesis by comparing three levels of system loading (Light, 
Medium and Peak load), this study has been  implemented in MATLAB environment. 
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Chapter1 
 
1.1 Introduction 
        
The economic dispatch problem is of importance in both practical and theoretical perspective, in 
this thesis economic dispatch problem and it is solution will be presented. This introduction will 
be organized as follow, 1.2 economic dispatch problem will be discussed.1.3 the objective of this 
thesis will be stated. Finally the   organization of this thesis is presented in section 1.4. 
 
1.2 Economic Dispatch(ED) Problem 
 
The economic dispatch (ED) of power generating units has always occupied an important 
position in the electric power industry. ED is a computational process where the total required 
generation is distributed among the generation units in operation, by minimizing the selected cost 
criterion, subject to load and operational constraints. For any specified load condition, ED 
determines the power output of each plant (and each generating unit within the plant) which will 
minimize the overall cost of fuel needed to serve the system load [1]. ED is used in real-time 
energy management power system control by most programs to allocate the total generation 
among the available units. ED focuses upon coordinating the production cost at all power plants 
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operating on the system. In the traditional ED problem, the cost function for each generator has 
been approximately represented by a single quadratic function and is solved using mathematical 
programming based optimization techniques such as lambda iteration method, gradient-based 
method, etc[2]. These methods require incremental fuel cost curves which are piecewise linear 
and monotonically increasing to find the global optimal solution. Unfortunately, the input-output 
characteristics of generating units are inherently highly nonlinear due to valve-point loadings. 
Thus, the practical ED problem with valve-point effects is represented as a nonsmooth 
optimization problem with equality and inequality constraints. This makes the problem of finding 
the global optimum solution challenging.  
1.3 Thesis Objectives 
The objectives of this thesis are summarized as follows – 
To find solution of economic load dispatch problem so that the total fuel cost is minimized while 
satisfying the power generation limits. 
And show the effect of system losses in the optimization process. 
1.4 Thesis organization 
 
This thesis is organized into five chapters as follows: 
 Chapter-1 summarized the overview of the problem, brief literature review, scope of work and 
organization of the thesis. 
Chapter-2 highlights Economic dispatch problem also presents grid conditions which constrain 
economic dispatch, and resource Considerations Affecting Economic Dispatch are also discussed 
in brief. Equality and inequality constraints are also discussed in this chapter. 
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Chapter-3 explores the power flow solution as it is important to keep the network losses at a low 
value taking in consideration other constraints. Net work model for different equipment is also 
presented in this chapter. Newton Raphson method is briefly mentioned. Modeling issues of 
generation units for ED is also presented. Calculation of penalty factor is also discussed and 
Lambda Iteration method is also discussed in this chapter. 
 Chapter-4 Matlab program which used to solve the problem is introduced in this chapter, case 
study data and results. 
 Chapter-5 presents the conclusions drawn and also outlines the possible avenues for future 
work. 
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Chapter 2 
Literature Review 
2.1Economic Dispatch Problem and Solution 
2.1.1 Introduction 
OPTIMIZATION is the act of achieving the best possible solution to a problem in which there 
may be a number of competing or conflicting parameters. The cost or the benefit can usually be 
expressed as a function of a set of design variables hence; optimization is a process of finding the 
settings that give the maximum or the minimum value of a function. Complex optimization 
problems arise all the time in such fields as science, engineering, business, industry, mathematics 
and computer science.  
Optimization problems are multi-variable, and additional feature to general 
optimization problems is that they may be constrained. That is, the minimum 
or maximum to a function must be found subject to some kind of constraints 
on the variables of interest. The constraints may be either equality or 
inequalities.  
A last very important feature of optimization problems is whether they are 
linear or nonlinear.  
Economic dispatch is the process of allocating the required load demand 
between the available generation units such that the cost of operation is at a 
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minimum. The process of solving such a problem is referred to as 
optimization. Optimization problems are found in all engineering fields; in 
fact, some claim that engineering is optimization. [4] 
Economic dispatch problem is a non-linear, multivariable, constrained 
optimization ensuring the best use of available resources is much more than 
a mechanical problem. Process of minimizing the total variable cost of 
electricity production. In seeking lowest-cost production, economic dispatch 
practices must take into account several factors, including: 
i. the continuous variation in loads and generators’  
ii. inability to respond instantaneously; 
iii.  the need to maintain reserves and plan for contingencies in order to maintain reliability;  
iv. and the scheduling requirements imposed by environmental laws, hydrological 
conditions, and fuel limitations 
2.1.2. Optimization Basics 
    The main optimization basics are[4]: 
a) Optimization is a decision-making tool. In light of this, two basic definitions can be 
provided: 
1) The decision variables are the variables in the problem, which, once known, 
determine the decision to be made. 
2) The objective function is the function to be minimized or maximized. It is also 
sometimes known as the cost function in economic dispatch. 
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b) The constraints are equality or inequality relations in terms of the decision variables 
which impose limitations or restrictions on what the solution may be, i.e., they constrain 
the solution.  
c) Optimization problems are often called programs or programming problems. Such 
terminology is not to be confused with use of the same terminology for a piece of source 
code (a program) or what you do when you write source code (programming). Use of the 
terminology here refers to an analytical statement of a decision problem. In fact, 
optimization problems are often referred to as mathematical programs and their solution 
procedures as mathematical programming.  Such use of this terminology is indicated 
when one uses the term linear programming (LP), nonlinear programming (NLP), or 
integer programming (IP). 
 
2.1.3 The Benefits of Economic Dispatch 
Economic dispatch benefits electricity users in a number of ways.  First By systematically 
seeking the lowest cost of energy production consistent with electricity demand, economic 
dispatch reduces total electricity costs. Second To minimize costs, economic dispatch typically 
increases the use of the more efficient generation units, which can lead to better fuel utilization, 
lower fuel usage, and reduced air emissions than would result from using less-efficient 
generation. Third as the geographic and electrical scope integrated under unified economic 
dispatch increases, additional cost savings result from pooled operating reserves, which allow an 
area to meet loads reliably using less total generation capacity than would be needed otherwise. 
Economic dispatch requires operators to pay close attention to system conditions and to maintain 
secure grid operation, thus increasing operational reliability without increasing costs. Economic 
dispatch methods are also flexible enough to incorporate policy goals such as promoting fuel 
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diversity or respecting demand as well as supply resources. Over the long term, economic 
dispatch can encourage new investment in generation as well as in transmission expansion and 
upgrades that enhance both reliability and cost savings. 
In principle, all generation and transmission dispatchers practice economic dispatch to reduce the 
cost of serving loads. Economic dispatch reduces total variable production costs by serving load 
using lower-variable-cost generation before using higher-variable cost generation (i.e., by 
dispatching generation in “merit order” from lowest to highest variable cost). Retail customers 
will benefit if the savings are passed through in retail rates. Economic dispatch can reduce fuel 
use when it results in greater use of lower variable cost, higher-efficiency generation units than of 
lower efficiency units consuming the same fuel. 
 
2.1.4 Understanding Economic Dispatch 
Economic dispatch principles and operation are the same in both regulated utility operations and 
centralized wholesale markets. In centralized markets, the merit order of available resources is 
determined using offer schedules for each resource rather than the variable production costs that 
are used to dispatch a set of utility-owned resources. 
Many factors influence economic dispatch in practice. These include contractual, regulatory, 
environmental, scheduling, unit commitment, and reliability practices and procedures. Because 
economic dispatch requires a balance among economic efficiency, reliability, and other factors, it 
is best thought of as a constrained cost-minimization process. 
 Most utilities, regional transmission operators (RTOs), and independent system operators (ISOs) 
that perform economic dispatch modify least-cost dispatch to account for grid conditions and 
operational reliability needs; this is called security constrained economic dispatch (SCED). In real 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
7 
 
time, many of the adjustments to least cost dispatch are to prepare for or respond to contingencies 
that affect grid reliability. 
2.1.5 Grid Conditions That Constrain Economic Dispatch 
Security constraints limit economic dispatch options because grid operational conditions affect 
which combinations of resources will be able to meet loads and maintain the grid in a secure 
state. Grid reliability rules require that system operations respect, voltage, thermal and stability 
limits for individual grid assets (such as transmission lines and generators). To preserve secure 
operations, operators must always work with a combination of assets and loading that allows the 
system to lose its most security valuable asset (called the “N-1 contingency” N represent any 
equipment in the network  and N-1 means in case of loss of one of this equipment) and be 
restored to a secure condition within 30 minutes. Security constraints determine which flows from 
which generators will support or compromise reliable grid operations. 
Factors that affect and dictate grid security constraints include: 
i. Generation and transmission facility conditions and availability (e.g., whether a 
unit or line is out of service for maintenance or must operate under reduced 
limits); 
ii. Line capacities under different power flows and loadings; 
iii. Ambient weather, particularly temperature and wind speeds, which affect a line’s 
thermal performance; 
 The availability and capabilities of other grid facilities, including circuit breakers, series or shunt 
reactive devices, transformers, and other equipment and protection schemes to buffer and manage 
line loadings and voltages. 
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Further, load forecasts affect the level of resources and the unit-specific production levels 
assumed to be required to reliably serve the forecasted load. The accuracy of the load forecasts 
affects the calculations of how large a reserve margin is needed to maintain short-term grid 
reliability for day-of and day-ahead purposes. 
2.1.6 Resource Considerations Affecting Economic Dispatch 
A variety of physical, environmental, and regulatory considerations affect how resources can be 
used and combined in the economic dispatch process, and a combination of attributes determines 
how each generation resource is identified and treated in the process. Depending on the dispatch 
regime, those factors may include: 
i. Real and reactive energy-production capacity. 
ii. Whether a unit is on a cost-based, reliability-must-run (RMR) contract or its 
production cost curve is based on fuel costs and efficiency rates (or, in 
centralized wholesale markets, bids for production at differing levels on its 
output curve). 
iii. Variable operations and maintenance costs. 
iv. Start-up costs. 
v. A unit’s mechanical or economical upper and lower production levels. 
vi. Unit ramp rates within the range of production levels (e.g., the time it takes to 
move from one production level to another while respecting the turbine’s safe 
thermal gradients). 
vii. Minimum sustained production levels (to keep the unit available for the next hour 
or next day). 
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viii. An emission limit and costs of emission allowances (because units that use up 
their emissions allowances prematurely may not be available to operate during 
peak periods). 
ix. A unit’s availability on the date and time in question (which might be affected by 
factors such as inclement weather, prior performance problems, or fuel 
availability). 
x. For a hydro, wind, or other intermittent units, a forecast of expected unit 
production levels at different points in the dispatch period. 
xi. Contracts or other requirements that assign a unit must-run or must-take status so 
that is not fully dispatch able. 
xii. A unit’s prior commitments to make off-system sales. 
xiii. A unit’s ability and contractual requirement to deliver ancillary services, such as 
reactive power or quick-start capability. 
Some of these factors, such as minimum production levels, will dictate whether a unit will be in 
the base level or the competitive region of the economic dispatch stack. 
A number of respondents to the Department’s survey pointed out that requirements of state public 
utility commissions and environmental regulations affect utility resource procurement and 
dispatch, and that these state- or utility-specific operating requirements must be taken into 
account in an individual utility’s dispatch practices. Technically speaking, these requirements are 
treated as “constraints” in the cost-minimization procedures used by the utilities for economic 
dispatch. These concerns can be reflected in the dispatch process, whether as formal limitations 
on the selection of resources or as qualifiers on the utilization of specific resources: 
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i. The financial condition or credit quality of the generator, on the principle that if 
the generator is not financially sound it should not be viewed as a reliable source 
to meet the utility’s obligation to serve retail customers. 
ii. State or corporate requirements for renewable production, use of in-state coal 
fired generation, or fuel diversity. 
iii. Whether the generator has both a firm fuel supply and firm fuel transportation, so 
it can perform reliably when dispatched; 
iv. Whether the unit’s fuel source has take-or-pay provisions that would make it 
more expensive to idle than to run. 
v. Whether the dispatching entity or its regulators explicitly attempt to minimize 
environmental impacts such as air emissions from generation. 
vi. Whether the area needs to maximize its efficiency of natural gas used because of 
high natural gas prices or limited deliverability. 
 
 
2.2 Economic Dispatch(ED) Objective Function 
The most commonly used objective in the ED problem formulation is the  minimization of the 
total operation cost of the fuel consumed for producing  electric power within a schedule time 
interval (one hour). The individual costs of each generating unit are assumed to be function, only, 
of real power generation and are represented by  power system can then be expressed as the sum 
of the quadratic cost model at each generator. 
Minimize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=                                                  (2.1) 
Where C is the total cost, P is generating active power and n number of generator. 
2.2.1Types of equality constraints 
While minimizing the objective function, it is necessary to make 
sure that the generation still supplies the load demands plus losses in 
transmission lines. The equality constraints are the power flow equations describing bus injected 
active and reactive powers of the     ith bus. 
Where active" ௜ܲ"and reactive " ௜ܳ"power injection at bus  ݅are defined in the following equation: 
௜ܲൌ ௚ܲ௜െ ௗܲ௜                                                    (2.2) 
௜ܳൌ ௚ܳ௜െ ௗܳ௜                                                   (2.3) 
Where ௚ܲ௜ǡܳ௚௜are the active and reactive power generation at bus  ݅respectively; ௗܲ௜ ǡܳௗ௜ are the 
real and reactive power demands at bus  ݅respectively.  
2.2.2 Types of Inequality Constraints 
The inequality constraints of the Optimal power flow(OPF) reflect the limits on physical devices 
in the power system as well as the limits created to ensure system security. Inequality constraints 
may either be non-binding or binding. A non-binding inequality constraint is one that does not 
influence the solution. A binding inequality constraint does restrict the solution, i.e., the objective 
function becomes “better” (greater if the problem is maximization or lesser if the problem is 
minimization) if a binding constraint is removed. 
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 The most usual types of inequality constraints are upper bus voltage limits at generations and 
load buses, lower bus voltage limits at load buses, var limits at generation buses, maximum active 
power limits corresponding to lower limits at some generators, maximum line loading limits and 
limits on transformer tap setting. 
The general form of a nonlinear programming problem is to find vector x  in:  
 ݅ܯ ݂݊ሺݔሻ 
 Subject to:   
݃ሺݔሻdܾh (ݔ) =  ܿ
and:  x  ³ 0 
Where: b &c are constant, f, ,݃ and  ݄are given functions of the n decision variables ݔ. The 
condition ݔ ³ 0 can be satisfied by appropriate definition of decision variables.  
The LaGrangian function of f,  ݃and  ݄is: 
ܨሺݔǡݕǡߤሻؠ ሺ݂ݔሻെߣ
்
ሾ݄ሺݔሻሻെܥሿെߤ்ሾ݃ሺݔሻെܾሿ            (2.4) 
where individual elements ofߣൌሺߣଵߣଶǥǡߣ௠) and ߤൌሺߤଵߤଶǥǡߤ௥) 
are called LaGrange multipliers, b & C are constant, T is transpose. 
The LaGrangian function is simply the summation of the objective function with the constraints.  
It is assumed that f,  ݃and  ݄are continuous and differentiable, that f is convex, and that the region 
in the space of decision variables defined by the inequality constraints is a convex region.  
Given that ݔis a feasible point, the conditions for which the optimal solution occurs are: 
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డி
డ௫೔
ൌͲ             ?  ൌ݅ͳǡǥǤ݊                                (2.5) 
డி
డఒೕ
ൌͲ             ?  ൌ݆ͳǡǥǤܬ                                (2.6) 
ߤ௞ሾ݃௞ሺݔሻെ ௞ܾሿൌͲ         ?  ݇ൌͳǡǥǤܭ            (2.7) 
ݔ௜൒Ͳ          ?  ൌ݅ͳǡǥǤ݊                                    (2.8) 
These conditions are known as the Karush-Kuhn-Tucker (KKT) conditions or, more simply, as 
the Kuhn-Tucker (KT) conditions. The KKT conditions state that for an optimal point : 
1) The derivatives of the LaGrangian with respect to all decision variables must be zero (eq2.5). 
2) All equality constraints must be satisfied eq. (2.6). 
3) A multiplier ߤ௞ cannot be zero when its corresponding constraint is binding eq.(2.7). 
4) All decision variables must be non-negative at the optimum eq.(2.8). 
Requirement 3, corresponding to eq. (2.7), is called the “complementary” condition. The 
complementary condition is important to understand. It says that if x  occurs on the boundary of 
the ௧݇௛ inequality constraint, then ௞݃ሺݔሻൌ ௞ܾ . In this case eq. (2.7) allows ߤ௞to be non-zero. 
Once it is known that the ௧݇௛ constraint is binding, then the ௧݇௛ constraint can be moved to the 
vector of equality constraints; i.e. ௞݃ሺݔሻ can then be renamed as ௠݄ାଵሺݔሻ and ߤ௞ as ߣ௠ାଵ, 
according to: 
௞݃ሺݔሻ՜݄௃ାଵሺݔሻ           
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ߤ௞՜ߣ௃ାଵ              (2.9)  
On the other hand, if the solution x does not occur on the boundary of the ௧݇௛ inequality 
constraint, then (assuming x is an attainable point) ௞݃ሺݔሻെ ௞ܾ൏Ͳ. In this case, eq. (2.7) 
requires that ߤ௞ = 0 and the ௧݇௛ constraint makes no contribution to the LaGrangian. 
It is important to understand the significance of ߤ andߣ. The optimal values of the LaGrangian 
Multipliers are in fact the rates of change of the optimum attainable objective value ሺ݂ݔሻ with 
respect to changes in the right-hand-side elements of the constraints. Economists know these 
variables as shadow prices or marginal values. This information can be used not only to 
investigate changes to the original problem but also to accelerate repeat solutions.  The marginal 
values ߣ௝ or ߤ௞ indicate how much the objective ሺ݂ݔሻwould improve if a constraint ௝ܾ or ܥ௞, 
respectively, were changed.  One constraint often investigated for change is the maximum 
production of a plant. 
 
2.3. Economic Dispatch Problem  
Each plant݅has a cost-rate curve that gives the cost ܥ௜ in $/hour as a 
function of its generation level ܲீ௜ (the 3 phase power). 
So the cost-rate functions denoted asܥ௜ሺܲ ௜ீሻ. These functions are normally 
assumed to be quadratic. The cost  functions is given as: 
ܥ௜ሺܲ ௜ீሻൌܿ௜൅ܾ௜ܲ ௜ீ൅ ௜ܽܲ ௜ீଶ        (2.10) 
If we have m generating units, then the total system cost will be given by: 
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Equation (2.11) represents the objective function, which is given to 
minimize. The generation values ܲீ௜ are the decision variables.  
There are two basic kinds of constraints for this problem.  
a) Power balance 
b) Generation limits 
2.3.1 Power Balance Constraint 
In regards to power balance, it must be the case that the total generation 
equals the total demand " ஽ܲ" plus the total losses " ௅ܲ".  
L
m
i
DGi PPP +=å
=1
                                   (2.12) 
The demand " ஽ܲ" is assumed to be a fixed value. However, the losses " ௅ܲ" 
depend on the solution (given by theܲீ௜) which do not know until solve 
the problem. This dependency is due to the fact that the losses depend on 
the flows in the circuits, and the flows in the circuits depend on the 
generation dispatch. Therefore represent this dependency according to eq. 
(2.12). yields 
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One point made that only ݉െͳ of the ܲீ௜are independent variables. Given 
demand and losses, one of the generation values is determined once the 
other m-1 of them is set.  
When studying the power flow problem, this generator is referred to as the 
swing bus. We will assume this generator is unit 1. 
 
Therefore need to remove ܲீଵ from the arguments of ௅ܲ so that eq. (2.13) 
becomes 
),....,( 2
1
GmGLD
m
i
Gi PPPPP +=å
=
    (2.14) 
rearrange eq. (2.14) so that all terms dependent on the decision variables are 
on the left-hand-side, according to: 
DGmG
m
i
LGi PPPPP =-å
=
),...,( 2
1
                           (2.15) 
2.3.2 Generation limits 
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There are physical constraints on the generation levels. The generators 
cannot exceed their maximum capabilities, represented by ܲீ௜௠௜௡ , 
ܲீ௜௠௔௫and clearly, they cannot operate below 0 (otherwise they are 
operating as a motor, attempting to drive the turbine – not a good 
operational state!). Most units actually cannot operate at 0; as a result, we 
will denote the minimum asܲ݅ܩ
݉݅ .݊ 
Therefore, the generation limits are represented by 
ܲீ௜௠௜௡൑ܲ ௜ீ൑ܲ ௜ீ௠௔௫   (2.16) 
 
 
2.3.3 Problem Statement 
            This leads to the statement of the problem, i.e., the articulation of the 
mathematical program, which is, from eq. (2.12), (2.13), and (2.14), as 
follows.Min )(
1
Gi
m
i
iT PCC å
=
                                         ( 2.17) 
Subject to 
DGmG
m
i
LGi PPPPP =-å
=
),...,( 2
1
                             (2.18) 
Such that 
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ܲீ௜௠௜௡൑ܲ ௜ீ൑ܲ ௜ீ௠௔௫                        ?  ൌ݅ͳǡǥǤ݊  
2.3.4 Application of KKT conditions 
Recall the KKT conditions eq (2.5, 2.6, 2.7, and 2.8). In formulating these 
conditions, make one observation in regards to the complementary 
condition eq.(2.18). 
ߤ௞ሾ݃௞ሺݔሻെ ௞ܾሿ                 ? ݇ ൌͳǡǥǤܭ          (2.19) 
These is a sort of “either-or” condition, i.e.,  
Either 0)(&0 £-= kkk bxgm  (non-binding) or  
0)(&0 =-¹ kkk bxgm   (binding) 
But the problem is that do not know in advance which it is a binding 
constraint.  
So what to do is the following: 
Solve the problem without any inequality constraint 
Check solution against inequality constraints. For those that are violated, 
bring them in as equality constraints and re-solve the problem. Repeat 
this step until you obtain a solution for which no inequality constraints 
are violated. 
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This is an iterative solution procedure, and represents a procedural 
equivalent to the complementary condition. Thus, for any given iteration, 
assume there are no inequality constraints. 
Therefore state the KKT conditions more simply as 
ப୊
ப୶౟
ൌͲ             ?  ൌͳǡǥǤ                          (2.20)                   
డி
డఒೕ
ൌͲ             ?  ൌ݆ͳǡǥǤܬ                   (2.21) 
Where it is assumed that any binding inequality constraints are included in 
eq. (2.21) as equality constraints. 
Let’s apply these conditions to the problem statement of Section 2.3.3 
above, assuming that no inequality constraints are binding so that there is 
only one equality constraint to consider (the power balance constraint). 
First, form the Lagrangian function: 
ú
û
ù
ê
ë
é
---= åå
==
m
i
DGmGLGiGi
m
i
i PPPPPPCF
1
2
1
),...,()( l
                (2.22) 
Now applying the KKT conditions of (2.19) and eq. (2.20), we get: 
డி
డ௉ಸ೔
ൌడ஼೔ሺ௉ಸ೔ሻ
డ௉ಸ೔
െߣቂͳെడ௉ಽሺ௉ಸ೔ǡǥǡ௉ಸ೘ሻ
డ௉ಸ೔
ቃൌͲǡ? ൌͳǡǥǤ   (2.23)                        
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Observe that m equations of the form given in eq.(2.17). However, the one 
corresponding to ൌ݅ͳ will not have a loss term and therefore will be: 
డி
డ௉ಸభ
డ஼೔ሺ௉ಸభሻ
డ௉ಸభ
 (2.25) 
Because
డ௉ಽ
డ௉భ
ൌͲ, eq. (2.18) appropriately captures eq. (2.20).  
The term 
డ஼೔
డ௉ಸ೔
 is called the incremental cost of unit  ݅and is denoted by ܫܥ௜. 
Considering eq. (2.15) more closely. In particular, let’s solving it forߣ. 
ߣൌ ଵ
൤ଵି ങುಽ൫ುಸమǡǥǡುಸ೘൯ങುಸ೔
൨
డ஼೔ሺ௉ಸ೔ሻ
డ௉ಸ೔
           ?  ൌͳǡǥǤ            (2.26) 
Define the fraction out front as ܮ௜, that is 
ܮ௜ൌ
ଵ
൤ଵି ങುಽ൫ುಸమǡǥǡುಸ೘൯ങುಸ೔
൨
                            (2.27) 
We call Li the penalty factor for the ௧݅௛ unit. Note thatܮଵൌͳ. 
Substituting eq. (2.21) into eq. (2.20) results in 
ߣൌܮ௜
డ஼೔ሺ௉ಸ೔ሻ
డ௉ಸ೔
                ?  ൌͳǡǥǤ         (2.28) 
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What eq. (2.28) says is that, at the optimum dispatch, for each unit not at a 
binding inequality constraint, the product of the penalty factor and the 
incremental cost of unit is the same and is equal toߣ. 
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Chapter3 
Economic Dispatch Analysis 
3.1. Introduction: 
It is importance to be able to calculate the voltages and currents that different elements of the 
power system are exposed to. This is essential not only in order to design the different power 
system components such as generators, lines, transformers, shunt elements, etc so that these can 
withstand the stresses they are exposed to during steady state operation without any risk for 
damages. Furthermore, for an economical operation of the system the losses should be kept at a 
low value taking various constraints into account, and the risk that the system enters into unstable 
modes of operation must be supervised. In order to do this in a satisfactory way the state of the 
system, i.e. all (complex) voltages of all nodes in the system, 
must be known. With these known currents and hence all active and reactive power flows can be 
calculated, and other relevant quantities can be calculated in the system. 
Generally the power flow, or load flow, problem is formulated as a nonlinear set of equations 
݂ሺݔǡݑǡ݌ሻൌͲ                              (3.1) 
Where  ݂is an n-dimensional (non-linear) function, ݔ is an n-dimensional vector containing the 
state variables, or states, as components. These are the unknown voltage magnitudes and voltage 
angles of nodes in the system U is a vector with (known) control outputs, e.g. voltages at 
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generators with voltage control P is a vector with the parameters of the network components, e.g. 
line reactances and resistances. The power flow problem consists in formulating the function f in 
eq. (3.1) and then solving these with respect to x. 
 A necessary condition for eq. (3.1) to have a physically meaningful solution is that  ݂and ݔ have 
the same dimension, i.e. that have the same number of unknowns as equations. But in the general 
case there is no unique solution, and there are also cases when no solution exists. 
If the states x are known, all other system quantities of interest can 
be calculated from these and the known quantities, i.e. ݑ and ݌. System quantities of interest are 
active and reactive power flows through lines and transformers, reactive power generation from 
synchronous machines, active and reactive power consumption by voltage dependent loads, etc. 
As mentioned above, the function  ݂is non-linear, which makes the 
equations harder to solve. In the solution of the equations the linearized equation 
 
ௗ௬
ௗ௫
ൈοݔൌοݕ             (3.2) 
is quite often used and solved. This equations gives also very useful information about the 
system. ,  
3.2 Network Models 
In this section the models of the most common network elements suitable for power flow analysis 
are derived.  
All analysis in the engineering sciences starts with the formulation 
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of appropriate models. A model, in power system analysis means a mathematical model, is a set 
of equations or relations, which appropriately describes the interactions between different 
quantities in the time frame studied and with the desired accuracy of a physical or engineered 
component or system. Hence, depending on the purpose of the analysis different models of the 
same physical system or components might be valid.  
 
 
3.2.1. Transmission Line Models 
It is recalled that the general model of a transmission line was given by the telegraph equation, 
which is a partial differential equation, and by assuming stationary sinusoidal conditions the long 
line equations, ordinary differential equations, were obtained. By solving these equations and 
restricting the interest to the conditions at the ends of the lines, the lumped-circuit line models (ߨ-
models) were obtained, which is an algebraic model. This gives us three different models each 
valid for different purposes. 
In principle, the complete telegraph equations could be used when studying the steady state 
conditions at the network nodes. The solution would then include the initial switching transients 
along the lines, and the steady state solution would then be the solution after the transients have 
decayed. 
However, such a solution would contain a lot more information than wanted and, furthermore, it 
would require a lot of computational effort. An algebraic formulation with the lumped-circuit line 
model, would give the same result with a much simpler model at a lower computational cost. 
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In many engineering studies the selection of the “correct” model is often the most difficult part of 
the study. It is good engineering practice to use as simple models as possible, but of course not 
too simple. If too complicated models are used, the analysis and computations would be 
unnecessarily cumbersome. Furthermore, generally more complicated models need more 
parameters for their definition and to get reliable values of these require often extensive work.  
Figure 3.1 below represent ashort transmission line usualy applied to lines less than 80Km long 
only the resistance and reactance are included.shunt admitance is neglected. From this Fig it is 
clearly that: 
VS =VR+ZIR                         (3.3) 
IS=IR                             (3.4) 
                                      ll )( jwLRzZ +==  
 
 
 
 
Fig3.1 Equivalent circuit for Short transmission line 
Where: 
l is line length per meter, R is resistance per meter, L is inductance and w is the frequency.   
Z=Sieres impedance 
VS, VR  is sending and receiving voltages respectively. 
IS 
IR 
VR VS 
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IS, IR  is sending and receiving currents respectively. 
   Figure 3.2 represent  medium lines typically ranging from 80 to 250km at 60 Hz from which: 
)
2
( YVIZVV RRRS ++=                         (3.5) 
22
YVYVII SRRS ++=                            (3.6) 
 
 
 
 
 
Figure 3.2 Per-Phase Equivalent ?  Model For Medium Lines. 
Where:VS,VR is sending and receiving voltages respectively, IS IR is sending and receiving 
currents respectively and Y is shunt admittance. 
Same circuit as in Fig 3.2 can be used for long lines (more than 250km) by taking in 
consideration the distribution nature of transmission line have the voltage and current given by: 
RcR IZVV )sinh()cosh( gg +=                              (3.7) 
RR
c
IV
Z
I )cosh()sin(1 gg +=                              (3.8) 
IR 
VR VS 
IS 
2
Y
 
2
Y
 
Z 
+ 
- 
+
 
 + 
- 
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Where:g  is propagation constant, L is line length, and Z c  = 
y
z  
3.2.2. Transformer Models 
    3.2.2.1 Representation of Two Winding Transformer: 
Figure 3.3 represents the equivalent p -model for the in-phase  two winding transformer A, B, and 
C of this model can be obtained by identifying the coefficients of the expressions for the complex 
currents ܫ௞௠ and ܫ௠௞. Where A is series impedance and B and C is half shunt admittance. 
 (  
Figure 3.3  Equivalent p  Model For In-Phase 2 Winding Transformer. 
 
       3.2.2.2 Representation of Three-Winding Transformers 
 
&ŝŐƵƌĞ;ϯ͘ϰ) below shows the p.u single-phase equivalent circuit of a three-winding transformer 
under balanced conditions. The effect of the magnetizing reactance has been neglected, and the 
transformer is represented by three impedances to form a star. 
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                                                            where: 
                                                          Xp = Primary reactance in p.u 
                                                            Xs = Secondary reactance in p.u 
                                                           Xt  = Tertiary reactance in p.u 
 
 
 
 
&ŝŐƵƌĞ;ϯ͘ϰ) Three Winding Transformer Modeling 
 
             
3.2.3. Load Models 
Load modeling is an important topic in power system analysis. When formulating the load flow 
equations for high voltage systems, a load is most often the in feed of power to a network at a 
lower voltage level, e.g. a distribution network. Often the voltage in the distribution systems is 
kept constant by controlling the tap-positions of the distribution transformers which means that 
power, active and reactive, in most cases can be regarded as independent of the voltage on the 
high voltage side. This means that the complex power ܧ௞൫ܫ௞௟௢௔ௗ൯ is constant, i.e. independent of 
the voltage magnitude 
௞ܷ. Also in this case the current is defined as positive when injected 
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into the bus, see Figure 3.4 In the general case the complex load current can be written as 
൫ܫ௞௟௢௔ௗ൯ൌ൫ܫ௞௟௢௔ௗ൯ܷ௞   = ܫ௞௟௢௔ௗ (Uk)                              (3.9) 
Where the function ܫ௞௟௢௔ௗdescribes the load characteristics, more often the load characteristics are 
given for the active and reactive powers 
൫ܲ௞௟௢௔ௗ൯ൌ൫ܲ௞௟௢௔ௗ൯ܷ௞                                                    (3.10) 
൫ܳ௞௟௢௔ௗ൯ൌ൫ܳ௞௟௢௔ௗ൯ܷ௞                                                     (3.11) 
 
 
Figure 3.5  Load  Models 
3.2.4. Generators Models 
Generators are in load flow analysis modeled as current injections; see Figure 3.6 In steady state a 
generator is commonly controlled so that the active power injected into the bus and the voltage at 
the generator terminals are kept constant. Active power from the generator is determined by the 
turbine control and must of course be within the capability of the turbine generator system. 
Voltage is primarily determined by the reactive power 
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Figure 3.6 Model of a Generator Connected to Bus k 
 
3.3 Power Flow Equations : 
Defining the net complex power injection into a bus as 
 ௞ܵൌ ௚ܵ௞െ ௗܵ௞                                                      (3.12) 
Where ௚ܵ௞ and ௗܵ௞ is apparent power for generator and load respectively. 
Quantity in terms of network voltages and admittances has been derived. 
Drawing on the familiar relation for complex power, ௞ܵ can be express as: 
௞ܵൌ ௞ܸܫ௞כ      (3.13)  
The current injection into any bus k may be expressed as 
jXg 
E 
K 
Generator 
gen
K
I  
K 
»
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jkjk VYI
1              (3.14)  
 Where, again, emphasize that the ௞ܻ௝ terms are admittance matrix 
elements and not admittances. Substitution of eq. (3.14) into eq. 
(3.13) yields: 
åå
=
***
=
==
N
j
jkjk
N
j
jkjkk VYVVYVS
11
)(     (3.15)  
Recall that ௞ܸ is a phasor, having magnitude and angle, so that ܸ௞ൌ
ȁܸ௞ȁș୩. Also, ௞ܻ௝, being a function of admittances, is therefore generally 
complex, and define ܩ௞௝ and ܤ௞௝ as the real and imaginary parts of the 
admittance matrix element ௞ܻ௝, respectively, so that ௞ܻ௝ൌܩ௞௝൅ܤ௞௝.Then 
eq. (3.15) may rewrite as  
௞ܵൌ
௞ܸσ ௞ܻ௝כ ௝ܸכൌே௝ୀଵ
ȁܸ௞ȁߠ௞σ ൫ܩ௞௝൅ܤ௞௝൯
כ௡
௝ୀଵ ൫หܸ௝หș୨൯
כ
jjkj
n
j
kjkk VjBGV qq -Ð-Ð= å
=
)((
1
                                   
))((
1
kjkjjjk
N
j
k BGVV --ÐÐ=å
=
qq  
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Recall, from the Euler relation, that a phasor may be expressed as complex 
function of sinusoids, i.e, ܸൌȁܸȁT=ȁܸȁሺߠ൅݆ߠሻ. with this, eq. 
(3.16) may be rewritten 
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If now perform the algebraic multiplication of the two terms inside 
the parentheses of eq. (3.17), and then collect real and imaginary 
parts, and recall that ௞ܵൌ ௞ܲ൅݆ܳ௞, eq. (3.17) can be express as 
two equations, one for the real part, ௞ܲ, and one for the imaginary 
part, ௞ܳ, according to: 
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  (3.18)                 (3.19) 
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The two equations of (3.18 & 3.19) are called the power flow 
equations, form the fundamental building block from which power 
and they flow problem can be attacked. 
3.4 Newton Raphson Solution Method:  
There are several different methods of solving the resulting 
nonlinear system of equations. The most popular is known as the 
Newton-Raphson Method. This method begins with initial guesses 
of all unknown variables (voltage magnitude and angles at Load 
Buses and voltage angles at Generator Buses). Next, a Taylor 
Series is written, with the higher order terms ignored, for each of 
the power balance equations included in the system of equations. 
The result is a linear system of equations that can be expressed as: 
ቈοߠοหܸห቉ൌെିܬ
ଵ൤οܲοܳ ൨                                                                                   (3.20) 
Where οܲ  and οܳ  are called the mismatch equations: 
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οܲ௜ = - ௜ܲ+σ ȁܸ௜ȁܸ௞ȁሺܩ௜௞ߠ௜௞൅ܤ௜௞ߠ௜௞ሻ௡௞ୀଵ                (3.21) 
 οܳ ௜ = - ௜ܳ+σ ȁܸ௜ȁܸ௞ȁሺܩ௜௞ș୧୩൅ܤ௜௞ߠ௜௞ே௞ୀଵ ሻ              (3.22)      
The liberalized system of equations is solved to determine the next 
guess (݉൅ͳ) of voltage magnitude and angles based on: 
ߠ௠ାଵ =ߠ௠ + οߠ                                    (3.23) 
ȁܸȁ௠ାଵ = ȁܸȁ௠ + οȁܸȁ                           (3.24) 
The process continues until a stopping condition is met. A 
common stopping condition is to terminate if the norm of the 
mismatch equations is below a specified tolerance. 
A rough outline of solution of the power flow problem can be 
summarized on the following step Make an initial guess of all 
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unknown voltage magnitudes and angles. It is common to use a 
"flat start" in which all voltage angles are set to zero and all 
voltage magnitudes are set to 1.0 p.u. 
1. Solve the power balance equations using the most recent 
voltage angle and magnitude values. 
2. Linearize the system around the most recent voltage angle 
and magnitude values 
3. Solve for the change in voltage angle and magnitude 
4. Update the voltage magnitude and angles 
5. Check the stopping conditions, if met then terminate, else go 
to step 2. 
3.5 Modeling Issue ofGeneration units for ED 
EDrequires knowledge of the operating costcurveofeachgenerating unit. 
In defining the unit characteristic, gross input versus net outputis usually discussed. 
Gross input represent the total inputof Fuel input per hour 
§  Dollar per hour 
§ Tons of coal per hour 
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§ MMscfof gas per hour 
Where MMscf is gas flow (Standard Cubic feet ) 
The net output of plant is the electrical power output availableto thepowersystem can be 
represented by: 
Ø  Fuel Cost Curve 
Ø  PiecewisePolynomialRepresentation 
An accurate representation of the costcurves may require apiece wise polynomial form, or can 
be approximated in several ways. 
Two approximation modelsthat widely used are; 
3.5.1 Quadratic approximation 
This approximation is given by 
                                                      ;ϯ͘Ϯϱ) 
 
 
 
 
 
 
 
 
          Figure 3.7 Cost Curve Quadratic Approximation.  
Where a,b and c are constant 
ϯ͘ϱ͘ϮPiecewise linear approximationThis approximation can be write as 
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Where r1,r2 and r3 are fixed cost
                                         
                                   Wϭ       WϮ
Figure 3.8 Cost Curve Piecewise 
3.5.3 Characteristic of Steam Unit
37 
(3.26) 
 and q1, q2 and q3 are the slope of the curve                      
 
WϯWϰ 
Linear approximation. 

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 Figure 
· Fig 3.9 Show the characteristic of steam unit.
· Input to the unit are either in terms of energy requirements (Btu/hour) or total cost per 
hour ($/ hour) 
·  Output is net electrical output of the unit. The characteristic is prese
convex curve 
· ,QFUHPHQWDO+HDW5DWH&KDUDFWHUHVWLFV
Figure 3.10
Fig 3.10 shows the incremental heat rate characteristics output power VS IC cost rate where:  
· Slope (the derivative) of the input
operating cost for an extra unit of elec
approximated by a sequence of straight
Also fig 3.10 represent the net heat rate characteristic
 
38 
3.9 Input – output Characteristic 
 
 nted as a smooth, 
 
 
 Incremental Heat Rate Characteristic
-output characteristic (AH/AP or AF/AP)
tric  energy widely used in economic di
-line segments. 
 shows horse power Vs power.
. 
 
 represents the 
spatching , 
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Figure 
 Heat input of electrical energy produced (Btu/kWh)It is proportional to the reciprocal of 
the usual efficiency characteristic developed for machinery.
XVHG to represent the input
The data obtained from hea
a polynomial curve. 
In many cases, quadratic characteristics have been fit to these data.
A series of straight-line segments may also be used to represent the input output 
characteristics. 
The different representations result in different incremental heat rate characteristics.
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3.11 Net Heat Rate Characteristic in H/P Versus 
0DQ\GLIIHUHQWIRUPDWVDUH
-output characteristic. 
t rate tests or from the plant design engineers may be fitted by 
 
P. 
 
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Figure 
Figure 3.12 shows the incremental heat rate characteristic
· Incremental heat rate characteristic when input
Monotonically increasing as a function of the power output of the unit.
A step incremental characteristic at results when input
straight-line segments are used to 
 
Figure 3.1
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3.12 Incremental Heat Rate Characteristic 
 
-output curve is a quadratic function 
-output curve is
represent the input output characteristics of the unit. 
 
3 A Step Incremental Characteristic at Results
 
 a series of 
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A Step incremental characteristic as shown in fig 3.13 results when input-output curve is a series 
of straight-line segments are used to represent the input-output characteristics of the unit.  
3.6 Variation in Steam UnitCharacteristic 
The following assumptions are for steam unit characteristic:  
i. A number of different steam unit characteristics exist. 
ii.  For large steam turbine generators the input output characteristics are not always 
smooth. 
iii.  Large steam turbine generators have a number of steam admission valves that are 
opened in sequence to obtain ever-increasing output of the unit. 
iv.  As the load increases, the input to the unit increases and the incremental heat rate 
decreases between the opening points for any two valves. 
v.  But when a valve is first opened, the throttling losses increase rapidly and the 
incremental heat rate rises suddenly. 
3.7 Methods for Solving Economic Dispatch: 
There are many method for solving economic dispatch problem such as: 
I. Merit-order loading method 
II. Lambda-iteration method 
III. Dynamic programming method 
IV. Gradient method 
V. Newton’s method 
VI. Linear/nonlinear programming method 
VII. Interior point method  
3.8 Optimization Within Constraints: 
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This is a straightforward to findMAX orMINusingCalculus; which can be summaries 
on the following two points:  
i. Find aset of values for the variables where thefirst derivativeof thefunction 
with respect to each variable is zero. 
ii. Use thesecond derivativetodetermine whether the solution found is a 
maximum, minimum, or a saddle point 
In reality there arenumerousconstraintsthat must be met. 
The constraint functions and simple variable limits will be lumpedunder the term “Constraints”. 
The region defined by the constraints is said to be the feasibleregion for the independent 
variables. 
 If the constraints are such that no such region exists, that is,there are no values for the 
independent variables that satisfied all theconstraints, then the problem is said to have an 
infeasible solution. Solution to this problem can be approached by considering a graphical 
technique for solving the problem and then extending this into the area of computer algorithms.
7KHIRORZLQJSRLQWVVXPPDUL]H/DPEGD,WHUDWLRQPHWKRGIRUVROYLQJ(' 
· One approach would be to plot the incremental cost characteristics for each unit on the 
same graph. 
· In order to establish the operating points of each of units in the case studies such that 
minimum cost and at the same time satisfy the specified demand, graphical sketch can be 
used and a ruler to find the solution. 
· Assume an incremental cost rate (ߣ) and find the power outputs of each of the units for 
this value of  ߣ 
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· first estimation will be incorrect. If assumed ߣ value result in the total power output that 
is too low, then increase the value ߣ and try another solution.  
· This procedure is an iterative type of computation, and must establish stopping rules. 
·  Two general forms of stopping rules for this application. 
· Rule based on finding the proper operating point within a specified tolerance (|e| £ 
tolerance)  
·  The other, counting the number of times through the iterative loop and stop the iteration 
when a max. number is exceeded 
The lambda-iteration procedure converges very rapidly for this particular type of optimization 
problem. 
· The actual computational procedure is slightly more complex than that indicated above, 
since it is necessary to observe the operating limits on each of the units during the course 
of the computation. 
· The well-known Newton-Raphson method will be used to project the incremental cost 
value to drive the error between the computed and desired generation to zero. 
3.9 Calculation of Penalty Factors 
Transmission losses occur because transmission circuits are not ideal. Transmission losses are of 
two types:  
(a) those dependent on the operating voltage such as transmission corona loss, transformer core 
loss, etc. These losses are dependent on the operating voltage and component parameters and they 
are independent of system loading. 
 (b) those dependent on the electric load current such as losses on the circuit resistance, etc.These 
losses depend on system loading and therefore they are affected by the generation dispatch 
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schedule and in general by any operating procedure which affects the routing of power over the 
transmission circuits. In this section the analysis problem associated with the latter type of losses 
is addressed. 
Consider a power system with total of n buses of which bus 1 is the swing 
bus, buses ͳǥ  ݉are the PV buses, and buses ݉൅ͳǥ  ݊are the PQ buses. 
Consider that losses must be equal to the difference between the total system 
generation and the total system demand, recalling  power balance equation 
2.12:   
௅ܲൌܲீ െ ஽ܲ                                                (3.27) 
Recall the definition for bus injections, which is 
 ௜ܲൌܲீ௜െ ஽ܲ௜                         (3.28) 
Now sum the injections over all buses to get: 
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å
=
=
n
i
iL PP
1
                                                        (3.30) 
Now differentiate with respect to a particular bus angle ? k (where k is any 
bus number except 1) to obtain: 
డ௉ಽ
డఏೖ
ൌడ௉భ
డఏೖ
൅డ௉మ
డఏೖ
൅ڮ൅డ௉೘
డఏೖ
൅డ௉೘శభ
డఏೖ
൅ڮ൅డ௉೙
డఏೖ
ǡ     ݇ൌ ǡʹǥǡ݊     (3.31) 
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Assumption to the above: All voltages are fixed at 1.0 (this relieving from 
accounting for the variation in power with angle through the voltage 
magnitude term). 
Now assume an expression for losses PL as a function of generation PG2, 
PG3,…,PGm, i.e.,  
௅ܲൌ ௅ܲሺܲ ଶீǡܲ ଷீǡǥǡܲ ௠ீሻ    (3.32) 
Then we can use the chain rule of differentiation to express that 
డ௉ಽ
డఏೖ
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డఏೖ
ǡ        ݇ൌ ǡʹǥǡ݊            ( 3.33) 
Subtracting eq. (3.31) from eq. (3.33), we obtain, for ݇ൌ ǡʹǥǡ݊: 
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(3.34) 
Now bring the first term to the left-hand-side, for ݇ൌ ǡʹǥǡ݊             
Writing the above  
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= -              
3.10 Lambda Iteration Method for Solving Optimal Dispatch: 
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The lambda iteration method is one of the methods used in solving the system lambda and 
optimal power dispatch of generators. Lambda is the variable introduced in solving constraint 
optimization problem and called a LaGrange multiplier. 
It is important to note that lambda can be solved at hand by solving systems of equations. Lambda 
iteration is introduced for the sake of computing lambda and other associated variables using a 
computer. 
Unlike usual iteration methods like Gauss-Seidel and Newton-Raphson, lambda iteration is 
somewhat different. In Gauss-Seidel method, for example, the next value of the unknown variable 
can be solved using an equation, which is usually, a function of itself. In lambda iteration method, 
the unknown variable, lambda, gets it next value based on intuition. That is, there is no equation 
that computes the next iteration of lambda. It is projected by interpolating the best possible value 
until a specified mismatch has been reached. 
Setting up the equations: 
1. Formulate the Lagrange function. Lagrange function is simply the objective function, in 
this case – minimize the fuel cost, plus the equality constraint- total power generated 
equals the total load, multiplied by lambda, plus the inequality constraint which will 
contain the multiplier. 
2. Find the partial derivatives of the lagrange function with respect to each power 
generation and lambda. 
3. After doing the calculus, equation of power generations as function of lambda is 
produced. 
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Figure3.14 Flow Chart for Lambda Iteration Method for Solving ED Problem: 
3.11 Economic Dispatch Neglecting Losses and Including Generator Limits 
In the real world, generators have limits on their generation, both minimum and maximum 
generation. Thus we have the inequality constraints 
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Which are in addition to the equality constraint for lossless system 
D
ng
i
i PP =å
=1
                                           (3.36) 
Where ݊݃  is the number of generators 
Now the Kuhn-Tucker conditions compliment the Lagrangian conditions to include the inequality 
constraints as additional terms. The necessary conditions for optimal dispatch in lossless systems 
but including generator limits become: 
ௗ஼೔
ௗ௉೔
ൌߣ   ܨ݋ݎ ௜ܲ (min) ൑ ௜ܲ൑ ௜ܲ (max)                  (3.37) 
ௗ஼೔
ௗ௉೔
൑ߣ   ܨ݋ݎ ௜ܲ= ௜ܲ (max)                 (3.38) 
 
ௗ஼೔
ௗ௉೔
ڛߣ   ܨ݋ݎ ௜ܲ = ௜ܲ (min)                               (3.39) 
The numerical solution is the same as before. Thus for an estimated value of lambda, the powers 
are found for each participating generator. If the power is outside the limits of a generator, that 
generator is "pegged" at that limit (either ௠ܲ௜௡ orܲ௠௔௫), and the m generator is no longer a 
participating generator in the optimization of dispatched power (since its power is pegged at 
either the high or low limit). 
 this could be solved using Matlab program in the following chapter study case data and result 
will be presented. 
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3.12Economic Dispatch Including Losse: 
Physically power loss is attributable to resistance in transmission lines. The loss coefficients, 
below, can therefore be obtained from impedances and currents in the network. Thus, the loss 
coefficients in general change when the state of power system changes. However, in this 
thesis, we assume that the state of the power system always stays within a small range of 
deviations. Therefore we assume that the loss coefficients can be modeled as approximately 
constant, and the power losses depend only on the ௜ܲ as stated in e.q. 3.40 below. 
When the loads and generators are in a small geographical region, transmission losses may be 
neglected and the optimal dispatch of generation is achieved with all plants operating at equal 
incremental productions cost. However, in a large system over long distances, transmission losses 
become significant and need to be considered. We shall use Kron's loss formula which is[1] 
00
1
0
1 1
BPBPBP i
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i
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i
i ååå
== =
+                    (3.40) 
The coefficients Bij are called loss coefficients or B-coefficients. It is 
assumed —with little error— that these coefficients are constant (as long as 
operation is near the value where these coefficients are computed). The 
economic dispatch problem is to minimize the overall generation cost Ci, 
which is a function of the plant outputs  
2
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i
it PPCC gba ++== åå
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                               (3.41) 
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Note: If all generators participate this minimization, then ݊ൌ݊݃  and either equation above may 
be used. If only ݊݃ ൏݊ generators are participating, then the first equation is used. This 
minimization is to be performed subject to the constraint that the total generation must equal the 
demand plus the losses thus: 
LD
ng
i
Gi PPP +=å
=1
                                             (3.42) 
Satisfying the inequality constraints:  
ܲீ௜ெ௜௡൑ ஽ܲ൑ܲ ௜ீெ௔௫     i= 1, 2 …          (3.43) 
Using the Lagrange multiplier and adding additional terms to include 
the inequality constraints, we have 
 ()Tj
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1
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ng
i
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ng
i
iiLDT PPPPPPC -+--++= åå
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mmll                           (3.44) 
The constraint should be understood to mean that ȝ୧ሺ୫ୟ୶ሻ =0 when  ୧൏୧ 
(max) and ȝ୧ሺ୫୧୬ሻൌͲ when ୧൐୧ (min).Thus if the power is not beyond the 
limits both ȝ୧ሺ୫ୟ୶ሻ ൌͲǡȝ୧ሺ୫୧୬ሻ =0  
thus L has only the equality constraint. If a generator's power is beyond one 
of the limits, then that limit is the power to which the generator is "pegged", 
and the remaining generators participate in the optimization of the load 
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dispatch. These statements are clear from the necessary conditions for a 
minimum which are  
பࣦ
ப୮౟
 =0                                                     (3.45) 
பࣦ
ப஛
  сϬ                                          (3.46)                                          
 பࣦ
பρ౟ሺౣ ౗౮ሻ
 =୧െ୧ ;ŵĂǆͿсϬ          (3.47)  
பࣦ
பρ౟ሺౣ ౟౤ሻ
 =୧െ୧ ;ŵŝŶͿсϬ         (3.48) 
The last two equations imply that the power should not go beyond its limit, 
and when it is within its limits then ȝ୧ሺ୫୧୬ሻ= ȝ୧ሺ୫ୟ୶ሻ=0 and the Kuhn-Tucker 
function becomes the same as the Lagrangian one.  
The first equation results in 
డ஼೟
డ௉೔
൅ߣቀͲ൅డ௉ಽ
డ௉೔
െͳቁൌͲ                              (3.49) 
Since Ct = C1 + C2 +...  + Cng  the above equation becomes 
 
డ஼೔
డ௉೔
൅ߣడ௉ಽ
డ௉೔
ൌߣ            ?  ൌͳǡʹǥǤ                (3.50)                                        
This term 
డ௉ಽ
డ௉೔
 is known as the incremental transmission loss. The second 
condition is given by 
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LD
ng
i
i PPP +=å
=1
                                                          (3.51) 
Which is precisely the equality constraint imposed by the losses and load 
demand. The classical form of the previous equation is 
ߣൌ൭ ଵ
ଵି ങು೗ങು೔
൱ డ஼೔
డ௉೔
             ൌͳǡʹǥǤ݃                                  (3.52) 
௅೔డ஼೔
డ௉೔
 =ߣ                         ൌͳǡʹǥǤ݃                                   (3.53) 
Where Li is known as the penalty factor of plant i and is given byቌ
ଵ
ଵି 
߲݈ܲ
߲ܲ݅
ቍ. 
Thus the effect of transmission losses is to introduce a penalty factor with a 
value that depends on the location of the plant with respect to the loads. In 
the above equation it is clear that the most economic cost of dispatch is 
obtained when the incremental cost multiplied by the corresponding penalty 
factor are equal for all the participating plants. The incremental transmission 
loss can be found from the loss equation and is 
given by        å
=
+=
¶
¶ ng
j
ijij
i
BPB
P
P
1
0
1 2                        (3.54) 
and the incremental production cost is given by 
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பେ౟
ப୮౟
ൌ Ȗʹ୧୧൅ȕ୧                                                          (3.55) 
Using these two equations in the equation marked (3.50) 
lllgb =+++ å
=
ng
j
ijijiii BPBP
1
022      3.56) 
Expanding the above equation for all plants and detailing it into full matrix form we have 
ۏ
ێ
ێ
ێ
ۍ
ߛଵ
ߣ
ܤଵଵܤଵଶ ڮ ܤଵ௡௚
ܤଶଵ
ߛଵ
ߣ
ܤଶଶǥ ܤଶ௡௚
ܤ௡௚ଵܤ௡௚ଶ ڮ ܤ௡௚௡௚ے
ۑ
ۑ
ۑ
ې
቎
ଵܲ
ଶܲ
ڭ
௡ܲ௚
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ͳ
ʹ
ۏ
ێ
ێ
ێ
ێ
ۍͳെܤ଴ଵ െ
ߚଵ
ߣ
ͳെܤ଴ଶ െ
ߚଶ
ߣ
ͳെܤ଴௡௚ െ
ߚ௡௚
ߣے
ۑ
ۑ
ۑ
ۑ
ې
 
 
To find the optimal dispatch first an estimated guess ofߣ, say ߣሺଵሻ is made. In the following 
chapter 4 the simultaneous linear equations above are solved using Matlab, using 26 Bus IEEE  
as case study network. The data and result will be presented in next chapter. 
3.13 The Effect of Constraints and Transmission Losses 
As discussed in above section, power constraint makes the optimization problem of dispatch 
much harder to solve. Under the Lambda algorithm, maximum and minimum constraints can be 
handled in a very simple way: when the adjusted power for generator  ݅exceeds the maximum or 
minimum constraint, the power for generator is simply left unchanged. The other generators make 
power adjustments as before and eventually converge to an allocation that satisfies the 
constraints. This is possible in the Lambda algorithm because it solves optimization problem 
iteratively. Likewise, the lambda algorithm works well with power losses as long as the losses are 
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not too large. While in the presence of losses the “equal marginal costs” condition no longer 
represents the lowest cost allocation, the level of sub-optimality is found to be small, and the 
algorithm still drives frequency deviations to zero exponentially fast, while satisfying all 
constraints. 
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Chapter 4 
Case Study (IEEE 26-Bus)  
4.1. Introduction to Matlab Program: 
Power system simulation involves a wide range of timeframes, starting at microseconds when 
simulating fast electromagnetic transients and extending to several years in system planning 
studies. The same system may have to be modeled and solved in many different ways, depending 
upon the studies event of interest. It has been desirable to have a single software platform from 
which several power system analysis functions can be easily activated from the same power 
system. 
In the last decade, several high-level programming languages, such as Matlab, Mathcad, 
Mathematica and so on, have become more popular for both research and educational purposes. 
Any of these languages can lead to good results in the field of power system 
analysis. From these languages Matlab proved to be the best user choice. The important features 
of Matlab are the matrix-oriented programming, plotting capabilities and a graphical environment 
(Simulink), which highly simplified control scheme design. 
This section presents, in its  first part, the features of several Matlab toolboxes used in power 
system analysis, such as MatPower Toolbox (MPT), Power System Analysis Toolbox (PSAT) 
The second part presents  study case based on a test system and the analysis, using the MPT for to 
illustrate the capabilities of this tool. One of the features of the Matlab toolboxes used in the 
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power system analysis (Mat Power Toolbox (MPT), Power System Analysis Toolbox (PSAT), 
Voltage Stability Toolbox (VST) and so on) is the modularityof design, facilitating future 
revision and expansion of software’s.  
Another feature is to provide an avenue to easily prepare input data files in commonly accepted 
formats for networks that are created. 
The results produced by one application can be easily used either fully or partially by any other 
application supported by the package. For example, having this feature would facilitate 
initialization of Economic dispatch by using the corresponding power flow results. 
4.2 Case Study Data : 
The IEEE 26 bus model described in the tables below has been implemented in the Matlab 
program and solved using the Newton Raphson iteration method.   
The case study is presented to demonstrate the efficiency of the proposed approach and, more 
importantly, the consistent quality of the solutions obtained.  
Bus bar voltage magnitude and angle and load MW & Mvar and generator ܹܯ  and ܯܽݒݎ and 
௠ܳ௜௡and ௠ܳ௔௫ and –  ܳor  ܳare presented in table 4.1 
Line parameter in per unit is presented in table 4.2 and the unit costs coefficient is presented in 
table 4.3 and upper and lower active power generating limits are presented in table4.4.  
The solution of the set of “ ൅݊ͳ” simultaneous equations (the “ ”݊ coordination equations plus 
the constraint equation) is briefly outlined below: 
A trial value of Lambda is chosen and the “ ”݊ coordination equations one for each generating 
unit being dispatched are solved using the Lambda algorithm shown in fig 4.1 
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After power output values have been determined in this manner for all the units being dispatched, 
the sum of these values is compared with the total amount of power being dispatched.  
If the difference is not within specified tolerance, the value of Lambda is appropriately modified 
to reduce the difference and the process is repeated until convergence is achieved. 
 The dispatch is executed after the Load Flow Change program and before the Load Flow 
Solution program, mainly to prevent load flow divergence due to generation and load 
mismatches. 
4.2.1 Single-Line Diagram of a Simple 26-Bus IEEE power system 
 
Figure 4.1 Single-Line Diagram of a Simple 26-Bus IEEE Power System 
4.2.2 IEEE 26 Bus Model Data 
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Figure 4.1 is shown the 26-bus power with generator at bus 1, 2,3,5,8 and 26. Slack bus is taken 
at bus 1 with voltage set at 1.025 Ð 0 Pu. Voltage magnitude, generation schedule, load data, the 
injected shunt capacitors and the reactive power limit for the regulated buses are tabulated in 
table 4.1 Table 4.1 shows bus bar data for IEEE 26 bus voltage magnitude and angle, 
MW,MVAR load and generation and injected MVAR. The data for Peak load is presented in the 
table, -20 and -40 percent used for Meduim and Light load respectively.  
Table 4.1 Bus Data for IEEE 26Bus Case Study System 
Bus 
Number Bus Code 
Voltage 
Magnetude 
Angle 
Degree 
Load generator Injection 
MW Mvar MW Mvar Qmin Qmax MVAR 
ϭ ϭ ϭ͘ϬϮϱ Ϭ ϱϭ ϰϭ Ϭ Ϭ Ϭ Ϭ ϰ 
Ϯ Ϯ ϭ͘ϬϮ Ϭ ϮϮ ϭϱ ϳϵ Ϭ ϰϬ ϮϱϬ Ϭ 
ϯ Ϯ ϭ͘ϬϮϱ Ϭ ϲϰ ϱϬ ϮϬ Ϭ ϰϬ ϭϱϬ Ϭ 
ϰ Ϯ ϭ͘Ϭϱ Ϭ ϯϮ ϭϬ ϭϬϬ Ϭ ϰϬ ϴϬ Ϯ 
ϱ Ϯ ϭ͘Ϭϰϱ Ϭ ϱϬ ϯϬ ϯϬϬ Ϭ ϰϬ ϭϲϬ ϱ 
ϲ Ϭ ϭ Ϭ ϳϲ Ϯϵ Ϭ Ϭ Ϭ Ϭ Ϯ 
ϳ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ 
ϴ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ 
ϵ Ϭ ϭ Ϭ ϴϵ ϱϬ Ϭ Ϭ Ϭ Ϭ Ϭ 
ϭϬ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ 
ϭϭ Ϭ ϭ Ϭ ϯϱ ϭϱ Ϭ Ϭ Ϭ Ϭ ϭ͘ϱ 
ϭϮ Ϭ ϭ Ϭ ϴϵ ϰϴ Ϭ Ϭ Ϭ Ϭ Ϯ 
ϭϯ Ϭ ϭ Ϭ ϯϭ ϭϱ Ϭ Ϭ Ϭ Ϭ Ϭ 
ϭϰ Ϭ ϭ Ϭ ϯϰ ϭϮ Ϭ Ϭ Ϭ Ϭ Ϭ 
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ϭϱ Ϭ ϭ Ϭ ϳϬ ϯϭ Ϭ Ϭ Ϭ Ϭ Ϭ͘ϱ 
ϭϲ Ϭ ϭ Ϭ ϱϱ Ϯϳ Ϭ Ϭ Ϭ Ϭ Ϭ 
ϭϳ Ϭ ϭ Ϭ ϳϴ ϯϴ Ϭ Ϭ Ϭ Ϭ Ϭ 
ϭϴ Ϭ ϭ Ϭ ϭϱϯ ϲϳ Ϭ Ϭ Ϭ Ϭ Ϭ 
ϭϵ Ϭ ϭ Ϭ ϳϱ ϭϱ Ϭ Ϭ Ϭ Ϭ ϱ 
ϮϬ Ϭ ϭ Ϭ ϰϴ Ϯϳ Ϭ Ϭ Ϭ Ϭ Ϭ 
Ϯϭ Ϭ ϭ Ϭ ϰϲ Ϯϯ Ϭ Ϭ Ϭ Ϭ Ϭ 
ϮϮ Ϭ ϭ Ϭ ϰϱ ϮϮ Ϭ Ϭ Ϭ Ϭ Ϭ 
Ϯϯ Ϭ ϭ Ϭ ϯϱ ϭϮ Ϭ Ϭ Ϭ Ϭ Ϭ 
Ϯϰ Ϭ ϭ Ϭ ϱϰ Ϯϳ Ϭ Ϭ Ϭ Ϭ Ϭ 
Ϯϱ Ϭ ϭ Ϭ Ϯϴ ϭϯ Ϭ Ϭ Ϭ Ϭ Ϭ 
Ϯϲ Ϯ ϭ͘Ϭϭϱ Ϭ ϰϬ ϮϬ ϲϬ Ϭ ϭϱ ϱϬ Ϭ 
The line and transformer data containing in the series resistance, reactance, 
and one-half of the total capacitance in per unit susceptance on a 100 MVA 
base from left to right respectively. 
 
Table 4.2Line data for IEEE 26Bus Case Study System 
Bus 
nl 
bus 
nr 
R(p.u) X (p.u) 
ϭͬϮ
(p.u) 
Tap 
setting 
 
Bus 
nl 
bus 
nr 
R(p.u) X (p.u) 
ϭͬϮ
(p.u) 
Tap 
setti,ng 
ϭ Ϯ Ϭ͘ϬϬϬϱϱ Ϭ͘ϬϬϰϴ Ϭ͘Ϭϯ ϭ ϭϬ ϮϮ Ϭ͘ϬϬϲϵ Ϭ͘ϬϮϵϴ Ϭ͘ϬϬϱ ϭ 
ϭ ϭϴ Ϭ͘ϬϬϭϯ Ϭ͘Ϭϭϭϱ Ϭ͘Ϭϲ ϭ ϭϭ Ϯϱ Ϭ͘Ϭϵϲ Ϭ͘Ϯϳ Ϭ͘Ϭϭ ϭ 
Ϯ ϯ Ϭ͘ϬϬϭϰϲ Ϭ͘Ϭϱϭϯ Ϭ͘Ϭϱ Ϭ͘ϵϲ ϭϭ Ϯϲ Ϭ͘Ϭϭϲϱ Ϭ͘Ϭϵϳ Ϭ͘ϬϬϰ ϭ 
Ϯ ϳ Ϭ͘ϬϭϬϯ Ϭ͘Ϭϱϴϲ Ϭ͘Ϭϭϴ ϭ ϭϮ ϭϰ Ϭ͘ϬϯϮϳ Ϭ͘ϬϴϬϮ Ϭ ϭ 
Ϯ ϴ Ϭ͘ϬϬϳϰ Ϭ͘ϬϯϮϭ Ϭ͘Ϭϯϵ ϭ ϭϮ ϭϱ Ϭ͘Ϭϭϴ Ϭ͘Ϭϱϵϴ Ϭ ϭ 
Ϯ ϭϯ Ϭ͘ϬϬϯϱϳ Ϭ͘Ϭϵϲϳ Ϭ͘ϬϮϱ Ϭ͘ϵϲ ϭϯ ϭϰ Ϭ͘ϬϬϰϲ Ϭ͘ϬϮϳϭ Ϭ͘ϬϬϭ ϭ 
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Ϯ Ϯϲ Ϭ͘ϬϯϮϯ Ϭ͘ϭϵϲϳ Ϭ ϭ ϭϯ ϭϱ Ϭ͘Ϭϭϭϲ Ϭ͘Ϭϲϭ Ϭ ϭ 
ϯ ϭϯ Ϭ͘ϬϬϬϳ Ϭ͘ϬϬϱϰϴ Ϭ͘ϬϬϬϱ ϭ͘Ϭϭϳ ϭϯ ϭϲ Ϭ͘Ϭϭϳϵϯ Ϭ͘Ϭϴϴϴ Ϭ͘ϬϬϭ ϭ 
ϰ ϴ Ϭ͘ϬϬϬϴ Ϭ͘ϬϮϰ Ϭ͘ϬϬϬϭ ϭ͘Ϭϱ ϭϰ ϭϱ Ϭ͘ϬϬϲϵ Ϭ͘ϬϯϴϮ Ϭ ϭ 
ϰ ϭϮ Ϭ͘ϬϬϭϲ Ϭ͘ϬϮϬϳ Ϭ͘Ϭϭϱ ϭ͘Ϭϱ ϭϱ ϭϲ Ϭ͘ϬϮϬϵ Ϭ͘ϬϱϭϮ Ϭ ϭ 
ϱ ϲ Ϭ͘ϬϬϲϵ Ϭ͘Ϭϯ Ϭ͘Ϭϵϵ ϭ ϭϲ ϭϳ Ϭ͘Ϭϵϵ Ϭ͘Ϭϲ Ϭ ϭ 
ϲ ϳ Ϭ͘ϬϬϱϯϱ Ϭ͘ϬϯϬϲ Ϭ͘ϬϬϭϬϱ ϭ ϭϲ ϮϬ Ϭ͘ϬϮϯϵ Ϭ͘Ϭϱϴϱ Ϭ ϭ 
ϲ ϭϭ Ϭ͘ϬϬϵϳ Ϭ͘Ϭϱϳ Ϭ͘ϬϬϬϭ ϭ ϭϳ ϭϴ Ϭ͘ϬϬϯϮ Ϭ͘Ϭϲ Ϭ͘Ϭϯϴ ϭ 
ϲ ϭϴ Ϭ͘ϬϬϯϳϰ Ϭ͘ϬϮϮϮ Ϭ͘ϬϬϭϮ ϭ ϭϳ Ϯϭ Ϭ͘ϮϮϵ Ϭ͘ϰϰϱ Ϭ ϭ 
ϲ ϭϵ Ϭ͘ϬϬϯϱ Ϭ͘Ϭϲϲ Ϭ͘Ϭϰϱ Ϭ͘ϵϱ ϭϵ Ϯϯ Ϭ͘Ϭϯ Ϭ͘ϭϯϭ Ϭ ϭ 
ϲ Ϯϭ Ϭ͘ϬϬϱ Ϭ͘Ϭϵ Ϭ͘ϬϮϮϲ ϭ ϭϵ Ϯϰ Ϭ͘Ϭϯ Ϭ͘ϭϮϱ Ϭ͘ϬϬϮ ϭ 
ϳ ϴ Ϭ͘ϬϬϭϮ Ϭ͘ϬϬϲϵϯ Ϭ͘ϬϬϬϭ ϭ ϭϵ Ϯϱ Ϭ͘ϭϭϵ Ϭ͘ϮϮϰϵ Ϭ͘ϬϬϰ ϭ 
ϳ ϵ Ϭ͘ϬϬϬϵϱ Ϭ͘ϬϰϮϵ Ϭ͘ϬϮϱ Ϭ͘ϵϱ ϮϬ Ϯϭ Ϭ͘Ϭϲϱϳ Ϭ͘ϭϱϳ Ϭ ϭ 
ϴ ϭϮ Ϭ͘ϬϬϮ Ϭ͘Ϭϭϴ Ϭ͘ϬϮ ϭ ϮϬ ϮϮ Ϭ͘Ϭϭϱ Ϭ͘Ϭϯϲϲ Ϭ ϭ 
ϵ ϭϬ Ϭ͘ϬϬϭϬϰ Ϭ͘Ϭϰϵϯ Ϭ͘ϬϬϭ ϭ Ϯϭ Ϯϰ Ϭ͘Ϭϰϳϲ Ϭ͘ϭϱϭ Ϭ ϭ 
ϭϬ ϭϮ Ϭ͘ϬϬϮϰϳ Ϭ͘ϬϭϯϮ Ϭ͘Ϭϭ ϭ ϮϮ Ϯϯ Ϭ͘ϬϮϵ Ϭ͘Ϭϵϵ Ϭ ϭ 
ϭϬ ϭϵ Ϭ͘Ϭϱϰϳ Ϭ͘Ϯϯϲ Ϭ ϭ ϮϮ Ϯϰ Ϭ͘Ϭϯϭ Ϭ͘Ϭϴϴ Ϭ ϭ 
ϭϬ ϮϬ Ϭ͘ϬϬϲϲ Ϭ͘Ϭϭϲ Ϭ͘ϬϬϭ ϭ Ϯϯ Ϯϱ Ϭ͘Ϭϵϴϳ Ϭ͘ϭϭϲϴ Ϭ ϭ 
 
Table 4.3 shows the cost quadratic equation coefficients for cost and table 4.4 shows the 
generation limit MW.  
 
 
 
             Table 4.3 Cost Coefficient data 
 
a b c 
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240 7.0 0.007 
200 10 0.0095 
220 8.5 0.009 
200 11 0.009 
220 10.5 0.0080 
190 12 0.0075 
Using 1.0 $/KW 
 
                  Table 4.4 Generating unit MW limits 
 
Generator Minimum MW Maximum MW 
P1 100 500 
P2 50 200 
P3 80 300 
P4 50 150 
P5 50 200 
P6 50 120 
 
4.3 Case Study Result:  
   4.3.1 Result for Solution Without Losses: 
This study has been done using only generator cost coefficients, and limit data, up mentioned 
with three load levels using matlab program the following result is obtained: 
Result for optimal dispatch for light load: 
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Incremental cost of delivered power (system lambda) = 11.708402 $/MWh 
Optimal dispatch of generation results are shown in table 4.5  
 
Table 4.5 Optimal Dispatch for light load 
No Generator MW 
1 P1 336.3144 
2 P2    89.9159 
3 P3  178.2446 
4 P4    50.0000 
5 P5    75.5251 
6 P6   50.0000 
Total generation cost =    9222.83 $/h  
Result for optimal dispatch for Medium load:Incremental cost of delivered power (system 
lambda) = 12.617607 $/MWh 
Optimal dispatch of generation results are shown in table 4.6  
Table 4.6 Optimal Dispatch for medium load 
No Generator MW 
1 P1 401.2577 
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2 P2  137.7688 
3 P3  228.7560 
4 P4    89.8671 
5 P5  132.3505 
6 P6   50.0000 
Total generation cost =   12389.03 $/h 
Result of optimal generation dispatch for Peak load: 
Incremental cost of delivered power (system lambda) =  13.355456 $/MWh 
Optimal dispatch of generation results are shown in table 4.5  
Table 4.7 Optimal Dispatch for peak load 
No Generator MW 
1 P1 453.9611 
2 P2  176.6029 
3 P3  269.7475 
4 P4  130.8587 
5 P5  178.4660 
6 P6   90.3637 
Total generation cost =   15768.20 $/h 
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4.3.2 Result for Solution With Losses: 
This study has been done using up mention Bus bar data,line parameter data generator cost 
coefficients, and limit data, using matlab program the complete result is presented in Appendix A 
. The following is the summary of optimal dispatch results including system losses: 
Result of optimal generation dispatch for Light load: 
Total system loss = 5.49165 MW  
Incremental cost of delivered power (system lambda) = 11.895713 $/MWh  
Optimal dispatch of generation and the  results are shown in table 4.8 
Table 4.8 Optimal Dispatch for light load with losses 
No Generator MW 
1 P1   339.4974 
2 P2    91.7154 
3 P3   177.7982 
4 P4    50.0000 
5 P5    76.4806 
6 P6    50.0000 
Total generation cost =    9287.24 $/h  
Result of optimal generation dispatch for Medium load: 
Total system loss = 8.65744 MW  
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Incremental cost of delivered power (system lambda) = 12.847640 $/MWh  
Optimal dispatch of generation, the results are shown in table 4.9 
 
 
 
Table 4.9 Optimal Dispatch for medium load with losses 
No Generator MW 
1 P1 404.4183 
2 P2  136.5302 
3 P3   227.4447 
4 P4    99.0174 
5 P5   131.2469 
6 P6    50.0000 
Total generation cost  =   12499.13 $/h 
Result of optimal generation dispatch for Peak load: 
Total system loss = 13.2016 MW  
Incremental cost of delivered power (system lambda) = 13.644831 $/MWh  
Table  Optimal dispatch of generation, the result are shown in table 4.10 
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Table 4.10 Optimal Dispatch for light load with losses 
No Generator MW 
1 P1 455.0094 
2 P2  178.9071 
3 P3   269.3737 
4 P4   143.9935 
5 P5   172.6066 
6 P6    93.3076 
Total generation cost =   15946.42 $/h  
4.4 Result Analysis: 
    4.4.1 Simulation Without Power Losses: 
Numerical simulation results has been illustrated using 26bus IEEE generator cost coefficient and 
limits data Table 4.3 shows the coefficients of six generators and table 4.4. Generator limits and 
the total power load is 780MW for light load, 1040 MW for medium load and 1300 for peak load. 
Above  result in table 4. show that for loss less system increasing system load increase the 
incremental cost, it is clear that optimization without  losses is very simple, compared to the case 
where the system losses is taken in consedration. 
   4.4.2 Simulation With Power Constraint and Losses 
Next results from the simulation of a more complicated system that 
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Includes constraints and losses has been presented. 
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Chapter5 
Conclusion and Recommendation 
5.1 Conclusion:  
  
In this work, the formulation and implementation of solution methods to 
obtain the optimum solution of Economic Load Dispatch problem has been presented using 
Simple Lambda algorithm the effectiveness of the Matlab program is tested for six generator case 
study system for both considering the losses, then when neglecting the losses, Analytical 
arguments has been presented to show that the algorithm achieves minimum cost allocation over 
time under some assumptions on the cost functions and less time by using Matlab program. The 
preliminary work reported in this thesis shows that the Lambda approach has many advantages 
especially for electric grids with a high penetration of alternative energy generators. Lambda 
iteration method till now is most popular method which applied for the large system utilities 
which using energy management system packages.  
5.2 Recommendations: 
The scope for further work in this field is identified as: 
This work brings up many interesting open issues, the following is some of it: 
·  Use other methods for solving ED problem to approve it is efficiency 
and  advantages.    
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· Use multiobjective optimization while considering environmental 
economic dispatch in which both the cost and emission level can be 
minimized. 
· In this thesis quadratic objective function has been used, in future 
other convex cost function can be used. 
· Use different software for solving the ED proplem. 
 
 
 
 
 
 
 
 
 
 
 
References 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
70 
 
 
1. Allen J. Wood, Bruce F. Wollenberg (1996). Power   generation, 
operation, and control, John Wiley    & Sons. 
2. Power System Modeling, Analysis and Control: Chapter 9,    
Meliopoulos 
3. Hadi Saadat, Power system analysis.  
4.  The value of economic dispatch(a report to congress pursuant  to 
section 1234 of the energy policy act2005. 
5.  A. Abur, F. Magnago, Y. Lu, Educational Toolboxes for Power 
System Analysis, IEEE Computer Applications in Power, vol. 13, 
no. 4, 2000, pp. 31 – 35. 
6.  F. Milano, An Open Source Power System Analysis Toolbox,          
IEEE Trans. on Power Systems, vol. 20, no. 3, 2005, pp. 1199 – 
1206. 
7.  R.D. Zimmerman, C.E. Murrillo-Sánches, D. Gan, MatPower, A          
Matlab Power System Simulation Package. Version 3.1b2.User’s        
Manual, Power Systems Enginnering Research Center, Cornell       
University, Ithaca, NY.     
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
71 
 
8.  J. Grainger and W. Stevenson, Power System Analysis,    
McGraw-Hill, New York, 1994, ISBN 0-07-061293-5.   
9.  F. Milano, Continuous Newton’s Method for Power Flow 
Analysis, IEEE Transactions on Power Systems, Vol. 24, No. 1, 
pp. 50-57, February 2009 
 
 
 
 
  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ii 
 
 
Appendixes A 
Result of optimal generation dispatch for Light load including system losses: 
                Power Flow Solution by Newton-Raphson Method 
                      Maximum Power Mismatch = 1.90638e-005  
                             No. of Iterations = 9  
Loss Coefficients: 
B = 
    0.0014    0.0004   -0.0000   -0.0000   -0.0003   -0.0002 
    0.0004    0.0063    0.0057    0.0001   -0.0006   -0.0003 
   -0.0000    0.0057    0.0252   -0.0001   -0.0011   -0.0013 
   -0.0000    0.0001   -0.0001    0.0034   -0.0005   -0.0009 
   -0.0003   -0.0006   -0.0011   -0.0005    0.0073   -0.0002 
   -0.0002   -0.0003   -0.0013   -0.0009   -0.0002    0.0147 
B0 = ( 0.0003   -0.0009    0.0059    0.0001   -0.0000   -0.0007) 
B00 = 0.0056 
Total system loss = 8.13992 MW  
Total generation cost =   10071.53 $/h  
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Initial Optimal Dispatch of Generation: 
No Generator MW 
1 P1 354.5695 
2 P2    91.4685 
3 P3  141.7993 
4 P4    58.3966 
5 P5    94.2949 
6 P6   50.0000 
 
 Absolute value of the slack bus real power mismatch=   1.2542 pu  
Loss coefficients after first adjustment: 
B = 
    0.0014    0.0007    0.0004   -0.0000   -0.0003   -0.0002 
    0.0007    0.0032    0.0015    0.0001   -0.0009   -0.0003 
    0.0004    0.0015    0.0037    0.0000   -0.0012   -0.0007 
   -0.0000    0.0001    0.0000    0.0054   -0.0009   -0.0011 
   -0.0003   -0.0009   -0.0012   -0.0009    0.0115   -0.0002 
   -0.0002   -0.0003   -0.0007   -0.0011   -0.0002    0.0156 
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B0 = ( 0.0002   -0.0006    0.0014    0.0001    0.0002   -0.0009) 
B00 = (0.0056) 
Total system loss = 5.25826 MW  
Incremental cost of delivered power (system lambda) = 11.889577 $/MWh  
 Optimal dispatch of generation after loss coefficient adjustment: 
 
No Generator MW 
1 P1   339.2321 
2 P2    90.9512 
3 P3   176.3379 
4 P4    50.0000 
5 P5    78.9631 
6 P6    50.0000 
 
Absolute value of the slack bus real power mismatch=   0.1009 pu  
Loss coefficients after second adjustment: 
B = 
    0.0014    0.0007    0.0005   -0.0000   -0.0003   -0.0002 
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    0.0007    0.0031    0.0013    0.0002   -0.0010   -0.0003 
    0.0005    0.0013    0.0033    0.0000   -0.0011   -0.0007 
   -0.0000    0.0002    0.0000    0.0068   -0.0012   -0.0012 
   -0.0003   -0.0010   -0.0011   -0.0012    0.0138   -0.0002 
   -0.0002   -0.0003   -0.0007   -0.0012   -0.0002    0.0156 
B0 = ( 0.0002   -0.0005    0.0011    0.0001    0.0003   -0.0009) 
B00 =  0.0056 
Total system loss = 5.47108 MW  
Incremental cost of delivered power (system lambda) = 11.894047 $/MWh  
 Optimal dispatch of generation after loss coefficient adjustment: 
 
No Generator MW 
1 P1   339.3974 
2 P2    91.5869 
3 P3   177.6737 
4 P4    50.0000 
5 P5    76.8167 
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6 P6    50.0000 
 
Absolute value of the slack bus real power mismatch =   0.0015 pu  
Loss coefficients after third adjustment: 
B = 
    0.0014    0.0007    0.0005   -0.0000   -0.0003   -0.0002 
    0.0007    0.0031    0.0013    0.0002   -0.0010   -0.0003 
    0.0005    0.0013    0.0032    0.0000   -0.0012   -0.0007 
   -0.0000    0.0002    0.0000    0.0068   -0.0012   -0.0012 
   -0.0003   -0.0010   -0.0012   -0.0012    0.0143   -0.0002 
   -0.0002   -0.0003   -0.0007   -0.0012   -0.0002    0.0156 
B0 =  ( 0.0002   -0.0005    0.0010    0.0001    0.0003   -0.0009) 
B00 =  0.0056 
Total system loss = 5.49165 MW  
Incremental cost of delivered power (system lambda) = 11.895713 $/MWh  
Optimal dispatch of generation after loss coefficient adjustment: 
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No Generator MW 
1 P1   339.4974 
2 P2    91.7154 
3 P3   177.7982 
4 P4    50.0000 
5 P5    76.4806 
6 P6    50.0000 
 
Absolute value of the slack bus real power mismatch =   0.0006 pu  
                   Power Flow Solution by Newton-Raphson Method 
                      Maximum Power Mismatch = 8.82444e-006  
                             No. of Iterations = 2  
    Bus  Voltage  Angle    ------Load------    ---Generation---   Injected 
    No.  Mag.     Degree     MW       Mvar       MW       Mvar       Mvar                                                        
     1   1.025    0.000    30.600    24.600   339.438   -85.019     4.000 
     2   1.030   -0.300    13.200     9.000    91.587   113.716     0.000 
     3   1.075   -0.653    38.400    30.000   177.674    82.518     0.000 
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     4   1.090   -2.133    19.200     6.000    50.000    72.524     2.000 
     5   1.045   -1.746    30.000    18.000    76.817    71.625     5.000 
     6   1.022   -2.243    45.600    17.400     0.000     0.000     2.000 
     7   1.023   -1.982     0.000     0.000     0.000     0.000     0.000 
     8   1.028   -1.956     0.000     0.000     0.000     0.000     0.000 
     9   1.050   -3.143    53.400    30.000     0.000     0.000     0.000 
    10   1.032   -3.160     0.000     0.000     0.000     0.000     0.000 
    11   1.024   -2.353    21.000     9.000     0.000     0.000     1.500 
    12   1.032   -2.586    53.400    28.800     0.000     0.000     2.000 
    13   1.053   -1.066    18.600     9.000     0.000     0.000     0.000 
    14   1.043   -1.910    20.400     7.200     0.000     0.000     0.000 
    15   1.037   -2.374    42.000    18.600     0.000     0.000     0.500 
    16   1.030   -2.825    33.000    16.200     0.000     0.000     0.000 
    17   1.015   -2.605    46.800    22.800     0.000     0.000     0.000 
    18   1.020   -1.289    91.800    40.200     0.000     0.000     0.000 
    19   1.044   -4.180    45.000     9.000     0.000     0.000     5.000 
    20   1.028   -3.392    28.800    10.200     0.000     0.000     0.000 
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Total generation cost =    9287.24 $/h  
Result of optimal generation dispatch for Medium load including system losse: 
Power Flow Solution by Newton-Raphson Method 
                      Maximum Power Mismatch = 3.10417e-010  
                             No. of Iterations = 7  
    21   1.017   -3.629    27.600    13.800     0.000     0.000     0.000 
    22   1.026   -3.738    27.000    13.200     0.000     0.000     0.000 
    23   1.025   -4.498    21.000     7.200     0.000     0.000     0.000 
    24   1.019   -4.451    32.400    16.200     0.000     0.000     0.000 
    25   1.022   -4.327    16.800     7.800     0.000     0.000     0.000 
    26   1.035   -0.823    24.000    12.000    50.000    22.106     0.000 
       
    Total                 780.000   376.200   785.516   277.471    22.000 
 
    Bus   Voltage  Angle    ------Load------    ---Generation---   Injected 
    No.   Mag.     Degree     MW       Mvar       MW       Mvar       Mvar                                                                       
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     1   1.025    0.000    40.800    32.800   492.210   193.726     4.000 
     2   1.020    -0.611    17.600    12.000    79.000    45.158     0.000 
     3   1.045    -3.161    51.200    40.000    20.000    64.690     0.000 
     4   1.060    -2.408    25.600     8.000   100.000    40.124     2.000 
     5   1.045     2.522    40.000    24.000   300.000    91.945     5.000 
     6   1.006     -1.417    60.800    23.200     0.000     0.000     2.000 
     7   1.002       -2.172     0.000     0.000     0.000     0.000     0.000 
     8   1.005       -2.276     0.000     0.000     0.000     0.000     0.000 
     9   1.022      -3.905    71.200    40.000     0.000     0.000     0.000 
    10   1.003     -4.061     0.000     0.000     0.000     0.000     0.000 
    11   1.004    -2.019    28.000    12.000     0.000     0.000     1.500 
    12   1.005    -3.368    71.200    38.400     0.000     0.000     2.000 
    13   1.024    -3.334    24.800    12.000     0.000     0.000     0.000 
    14   1.012   -3.835    27.200     9.600     0.000     0.000     0.000 
    15   1.005   -4.163    56.000    24.800     0.000     0.000     0.500 
    16    0.998     -4.415       44.000    21.600     0.000     0.000     0.000 
    17   0.998   -3.647    62.400    30.400     0.000     0.000     0.000 
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Loss Coefficients: 
B = 
    0.0015    0.0012    0.0011   -0.0001   -0.0004   -0.0002 
    0.0012    0.0016    0.0023    0.0001   -0.0005   -0.0002 
    0.0011    0.0023    0.0324   -0.0001   -0.0017   -0.0014 
    18   1.012   -1.267   122.400    53.600     0.000     0.000     0.000 
    19   1.019   -4.636    60.000    12.000     0.000     0.000     5.000 
    20   0.996   -4.433    38.400    21.600     0.000     0.000     0.000 
    21   0.992   -4.073    36.800    18.400     0.000     0.000     0.000 
    22   0.994   -4.760    36.000    17.600     0.000     0.000     0.000 
    23   0.993   -5.422    28.000     9.600     0.000     0.000     0.000 
    24   0.988   -5.393    43.200    21.600     0.000     0.000     0.000 
    25   0.992   -5.006    22.400    10.400     0.000     0.000     0.000 
    26   1.015   -0.561    32.000    16.000    60.000    20.299     0.000 
     
Total                1040.000   509.600  1051.210   455.943    22.000 
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   -0.0001    0.0001   -0.0001    0.0026   -0.0005   -0.0008 
   -0.0004   -0.0005   -0.0017   -0.0005    0.0079   -0.0001 
   -0.0002    -0.0002   -0.0014   -0.0008   -0.0001    0.0151) 
B0 =( -0.0003   -0.0002    0.0067    0.0001    0.0000   -0.0007) 
B00 =  0.0056 
Total system loss = 11.2002 MW  
Total generation cost =   13241.26 $/h  
Incremental cost of delivered power (system lambda) = 13.074680 $/MWh  
Initial Optimal Dispatch of Generation: 
No Generator MW 
1 P1 417.1673 
2 P2  147.5264 
3 P3   165.0183 
4 P4   113.4970 
5 P5   151.0285 
6 P6    63.5275 
 
Absolute value of the slack bus real power mismatch =   0.7504 pu  
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Loss coefficients after adjustment: 
B = 
    0.0013    0.0009    0.0005   -0.0001   -0.0003   -0.0002 
    0.0009    0.0046    0.0013    0.0001   -0.0010   -0.0003 
    0.0005    0.0013    0.0030    0.0000   -0.0010   -0.0006 
   -0.0001    0.0001    0.0000    0.0026   -0.0006   -0.0008 
   -0.0003   -0.0010   -0.0010   -0.0006    0.0107   -0.0002 
   -0.0002   -0.0003   -0.0006   -0.0008   -0.0002    0.0151 
B0 = (1.0* 310-   0.0802   -0.7778    0.6980    0.0560    0.1756   -0.7805) 
B00 =  0.0056 
Total system loss = 8.36982 MW  
Incremental cost of delivered power (system lambda) = 12.843653 $/MWh  
Optimal dispatch of generation after loss coefficient adjustment: 
No Generator MW 
1 P1 404.1885 
2 P2  134.6082 
3 P3   227.3251 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
xiv 
 
4 P4   100.0989 
5 P5   132.3491 
6 P6    50.0000 
 
Absolute value of the slack bus real power mismatch =   0.0360 p.u  
B = 
    0.0013    0.0009    0.0005   -0.0001   -0.0003   -0.0002 
    0.0009    0.0036    0.0013    0.0001   -0.0009   -0.0003 
    0.0005    0.0013    0.0030    0.0000   -0.0010   -0.0006 
   -0.0001    0.0001    0.0000    0.0036   -0.0008   -0.0010 
   -0.0003   -0.0009   -0.0010   -0.0008    0.0115   -0.0002 
   -0.0002   -0.0003   -0.0006   -0.0010   -0.0002    0.0163 
B0 = 0.0001   -0.0006    0.0008    0.0001    0.0002   -0.0010 
B00 =  0.0056 
Total system loss = 8.63818 MW  
Incremental cost of delivered power (system lambda) = 12.847417 $/MWh  
Optimal dispatch of generation after loss coefficient adjustment: 
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No Generator MW 
1 P1 404.4112 
2 P2 136.4027 
3 P3   227.4209 
4 P4    99.0459 
5 P5   131.3736 
6 P6    50.0000 
 
Absolute value of the slack bus real power mismatch =   0.0013 p.u  
Loss coefficients after adjustment: 
B = 
    0.0013    0.0009    0.0005   -0.0001   -0.0003   -0.0002 
    0.0009    0.0036    0.0013    0.0001   -0.0009   -0.0003 
    0.0005    0.0013    0.0030    0.0000   -0.0010   -0.0006 
   -0.0001    0.0001    0.0000    0.0036   -0.0008   -0.0010 
   -0.0003   -0.0009   -0.0010   -0.0008    0.0115   -0.0002 
   -0.0002   -0.0003   -0.0006   -0.0010   -0.0002    0.0163 
B0 =  (0.0001   -0.0006    0.0008    0.0001    0.0002   -0.0010) 
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B00 =  0.0056 
Total system loss = 8.65744 MW  
Incremental cost of delivered power (system lambda) = 12.847640 $/MWh  
Optimal dispatch of generation after loss coefficient adjustment: 
 
No Generator MW 
1 P1 404.4183 
2 P2  136.5302 
3 P3   227.4447 
4 P4    99.0174 
5 P5   131.2469 
6 P6    50.0000 
 
Absolute value of the slack bus real power mismatch =   0.0002 p.u  
                   Power Flow Solution by Newton-Raphson Method 
                      Maximum Power Mismatch = 1.94555e-006  
                             No. of Iterations = 2  
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    Bus  Voltage  Angle    ------Load------    ---Generation---   Injected 
    No.  Mag.     Degree     MW       Mvar       MW       Mvar       Mvar                                                                    
     1   1.025    0.000    40.800    32.800   404.435   -34.002     4.000 
     2   1.030   -0.304    17.600    12.000   136.403   190.185     0.000 
     3   1.065   -0.679    51.200    40.000   227.421    76.634     0.000 
     4   1.080   -2.227    25.600     8.000    99.046    80.002     2.000 
     5   1.045   -1.478    40.000    24.000   131.374    97.513     5.000 
     6   1.014   -2.628    60.800    23.200     0.000     0.000     2.000 
     7   1.015   -2.276     0.000     0.000     0.000     0.000     0.000 
     8   1.019   -2.208     0.000     0.000     0.000     0.000     0.000 
     9   1.036   -3.831    71.200    40.000     0.000     0.000     0.000 
    10   1.017   -3.821     0.000     0.000     0.000     0.000     0.000 
    11   1.012   -3.075    28.000    12.000     0.000     0.000     1.500 
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    12   1.020   -3.026    71.200    38.400     0.000     0.000     2.000 
    13   1.043   -1.208    24.800    12.000     0.000     0.000     0.000 
    14   1.031   -2.269    27.200     9.600     0.000     0.000     0.000 
    15   1.024   -2.867    56.000    24.800     0.000     0.000     0.500 
    16   1.015   -3.464    44.000    21.600     0.000     0.000     0.000 
 17   1.001   -3.457    62.400    30.400     0.000     0.000     0.000 
    18   1.015   -1.605   122.400    53.600     0.000     0.000     0.000 
    19   1.028   -5.233    60.000    12.000     0.000     0.000     5.000 
    20   1.011   -4.147    38.400    21.600     0.000     0.000     0.000 
    21   1.001   -4.561    36.800    18.400     0.000     0.000     0.000 
    22   1.008   -4.627    36.000    17.600     0.000     0.000     0.000 
    23   1.005   -5.696    28.000     9.600     0.000     0.000     0.000 
    24   0.999   -5.627    43.200    21.600     0.000     0.000     0.000 
    25   1.002   -5.545    22.400    10.400     0.000     0.000     0.000 
    26   1.025   -1.557    32.000    16.000    50.000    23.826     0.000 
 
      Total                1040.000   509.600  1048.678   434.158    22.000 
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Total generation cost  =   12499.13 $/h 
 
Result of optimal generation dispatch for Peak load including system losse: 
Power Flow Solution by Newton-Raphson Method 
                      Maximum Power Mismatch = 3.1954e-010  
                             No. of Iterations = 6  
 
 Bus Voltage  Angle    ------Load------    ---Generation---   Injected    No.  Mag.     Degree     
MW       Mvar       MW       Mvar       Mvar    1    1.025    0.000    51.000    41.000   
757.553   221.641     4.000 
 2    1.020   -0.996    22.000    15.000    79.000   128.775     0.000 
 3   1.035   -4.427    64.000    50.000    20.000    65.109     0.000 
 4   1.050   -3.882    32.000    10.000   100.000    53.613     2.000 
 5    1.045    0.894    50.000    30.000   300.000   126.112     5.000 
 6    0.998   -2.803    76.000    29.000     0.000     0.000     2.000 
 7    0.993   -3.419     0.000     0.000     0.000     0.000     0.000 
 8    0.996   -3.522     0.000     0.000     0.000     0.000     0.000 
 9    1.007   -5.645    89.000    50.000     0.000     0.000     0.000 
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10    0.988   -5.857     0.000     0.000     0.000     0.000     0.000 
11    0.996   -3.707    35.000    15.000     0.000     0.000     1.500 
 12    0.992   -4.971    89.000    48.000     0.000     0.000     2.000 
13    1.013   -4.662    31.000    15.000     0.000     0.000     0.000 
14    1.000   -5.373    34.000    12.000     0.000     0.000     0.000 
15    0.991   -5.820    70.000    31.000     0.000     0.000     0.500 
16    0.982   -6.138    55.000    27.000     0.000     0.000     0.000 
 17    0.987   -5.137    78.000    38.000     0.000     0.000     0.000 
18    1.007   -1.952   153.000    67.000     0.000     0.000     0.000 
 19    1.003   -6.768    75.000    15.000     0.000     0.000     5.000 
 20    0.980   -6.326    48.000    27.000     0.000     0.000     0.000 
 21    0.977   -6.046    46.000    23.000     0.000     0.000     0.000 
 22    0.977   -6.784    45.000    22.000     0.000     0.000     0.000 
 23    0.974   -7.736    35.000    12.000     0.000     0.000     0.000 
 24    0.967   -7.684    54.000    27.000     0.000     0.000     0.000 
 25    0.973   -7.311    28.000    13.000     0.000     0.000     0.000 
26   1.015   -2.156    40.000    20.000    60.000    33.893     0.000 
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    Total                1300.000   637.000  1316.553   629.141    22.000 
 
 
Losses Coefficients: 
B = 
    0.0014    0.0015    0.0009   -0.0001   -0.0004   -0.0002 
    0.0015    0.0046    0.0053    0.0001   -0.0008   -0.0003 
    0.0009    0.0053    0.0334   -0.0001   -0.0020   -0.0018 
   -0.0001    0.0001   -0.0001    0.0030   -0.0006   -0.0010 
   -0.0004   -0.0008   -0.0020   -0.0006    0.0086   -0.0002 
   -0.0002   -0.0003   -0.0018   -0.0010   -0.0002    0.0179 
B0 = (  -0.0002   -0.0008    0.0069    0.0000    0.0000   -0.0013) 
B00 =  0.0056 
Total system loss = 16.5433 MW  
Total generation cost =   17419.97 $/h  
Incremental cost of delivered power (system lambda) = 14.071315 $/MWh  
Initial Optimal dispatch of generation: 
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No Generator MW 
1 P1 483.6413 
2 P2  177.6587 
3 P3   187.7286 
4 P4   165.1895 
5 P5   200.0000 
6 P6  113.2120 
 
Absolute value of the slack bus real power mismatch,=   2.7391 pu  
Loss coefficient after adjustment:  
B = 
    0.0017    0.0013    0.0007   -0.0001   -0.0005   -0.0002 
    0.0013    0.0016    0.0010    0.0001   -0.0006   -0.0002 
    0.0007    0.0010    0.0030    0.0000   -0.0009   -0.0006 
   -0.0001    0.0001    0.0000    0.0024   -0.0006   -0.0008 
   -0.0005   -0.0006   -0.0009   -0.0006    0.0110   -0.0002 
   -0.0002   -0.0002   -0.0006   -0.0008   -0.0002    0.0143 
B0 = (1.0* 310-  -0.3648   -0.2330    0.5942    0.0479    0.1723   -0.4953) 
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B00 =   0.0056 
Total system loss = 13.1835 MW  
Incremental cost of delivered power (system lambda) = 13.642316 $/MWh  
Optimal dispatch of generation after loss coefficient adjustment: 
 
No Generator MW 
1 P1 454.2279 
2 P2  176.9639 
3 P3   269.0641 
4 P4   144.4658 
5 P5   175.0512 
6 P6    93.4701 
 
Absolute value of the slack bus real power mismatch =   0.1518 pu  
Loss coefficient after adjustment:  
B = 
  0.0017    0.0011    0.0007   -0.0001   -0.0005   -0.0002 
    0.0011    0.0013    0.0009    0.0001   -0.0005   -0.0001 
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    0.0007    0.0009    0.0030    0.0000   -0.0010   -0.0006 
   -0.0001    0.0001    0.0000    0.0029   -0.0007   -0.0008 
   -0.0005   -0.0005   -0.0010   -0.0007    0.0120   -0.0002 
   -0.0002   -0.0001   -0.0006   -0.0008   -0.0002    0.0147 
B0 = (1.0* 310-  -0.3657   -0.0648    0.6209    0.0559    0.2112   -0.6248) 
B00 = 0.0056 
Total system loss = 13.1823 MW  
Incremental cost of delivered power (system lambda) = 13.643834 $/MWh  
Optimal dispatch of generation after loss coefficient adjustment: 
No Generator MW 
1 P1 454.9183 
2 P2  178.8411 
3 P3   269.3152 
4 P4   143.9441 
5 P5   172.8905 
6 P6    93.2609 
 
Absolute value of the slack bus real power mismatch =   0.0074 pu  
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B = 
    0.0017    0.0011    0.0007   -0.0001   -0.0005   -0.0002 
    0.0011    0.0013    0.0009    0.0001   -0.0005   -0.0001 
    0.0007    0.0009    0.0030    0.0000   -0.0010   -0.0006 
   -0.0001    0.0001    0.0000    0.0029   -0.0007   -0.0008 
   -0.0005   -0.0005   -0.0010   -0.0007    0.0121   -0.0002 
   -0.0002   -0.0001   -0.0006   -0.0008   -0.0002    0.0147 
B0 = (1.0* 310-   -0.3650   -0.0632    0.6197    0.0559    0.2149   -0.6273) 
B00 =  0.0056 
Total system loss = 13.2016 MW  
Incremental cost of delivered power (system lambda) = 13.644831 $/MWh  
 Optimal dispatch of generation after loss coefficient adjustment: 
 
No Generator MW 
1 P1 455.0094 
2 P2  178.9071 
3 P3   269.3737 
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4 P4   143.9935 
5 P5   172.6066 
6 P6    93.3076 
 
Absolute value of the slack bus real power mismatch =   0.0004 pu  
                   Power Flow Solution by Newton-Raphson Method 
                      Maximum Power Mismatch = 9.37312e-006  
                             No. of Iterations = 2  
Bus  Voltage  Angle    ------Load------    ---Generation---   Injected 
    No.  Mag.     Degree     MW       Mvar       MW       Mvar       Mvar                                       
1   1.025    0.000    51.000    41.000   454.967   245.672     4.000 
     2   1.020   -0.209    22.000    15.000   178.841    37.613     0.000 
     3   1.045   -0.686    64.000    50.000   269.315    69.256     0.000 
     4   1.060   -2.296    32.000    10.000   143.944    78.470     2.000 
     5   1.045   -1.403    50.000    30.000   172.890   137.858     5.000 
     6   1.002   -2.954    76.000    29.000     0.000     0.000     2.000 
     7   0.998   -2.527     0.000     0.000     0.000     0.000     0.000 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
xxvii 
 
     8   1.002   -2.418     0.000     0.000     0.000     0.000     0.000 
     9   1.013   -4.526    89.000    50.000     0.000     0.000     0.000 
    10   0.995   -4.489     0.000     0.000     0.000     0.000     0.000 
    11   0.998   -3.063    35.000    15.000     0.000     0.000     1.500 
    12   0.999   -3.457    89.000    48.000     0.000     0.000     2.000 
    13   1.023   -1.333    31.000    15.000     0.000     0.000     0.000 
    14   1.010   -2.624    34.000    12.000     0.000     0.000     0.000 
    15   1.001   -3.365    70.000    31.000     0.000     0.000     0.500 
    16   0.992   -4.110    55.000    27.000     0.000     0.000     0.000 
    17   0.984   -4.405    78.000    38.000     0.000     0.000     0.000 
    18   1.008   -1.912   153.000    67.000     0.000     0.000     0.000 
    19   1.006   -6.280    75.000    15.000     0.000     0.000     5.000 
    20   0.986   -4.931    48.000    27.000     0.000     0.000     0.000 
    21   0.979   -5.523    46.000    23.000     0.000     0.000     0.000 
    22   0.983   -5.537    45.000    22.000     0.000     0.000     0.000 
    23   0.979   -6.873    35.000    12.000     0.000     0.000     0.000 
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    24   0.972   -6.850    54.000    27.000     0.000     0.000     0.000 
    25   0.976   -6.597    28.000    13.000     0.000     0.000     0.000 
    26   1.015   -0.209    40.000    20.000    93.261    26.971     0.000 
Total                1300.000   637.000  1313.219   595.839    22.000 
                                      
Total generation cost =   15946.42 $/h  
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